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ABSTRACT 

This i s  t h e  f i n a l  r e p o r t  of  JPL Contract  No. 952121 wi th  t h e  General 
- 

Electric Company Research and Development Center covering t h e  design, con- 

s t r u c t i o n  and t e s t i n g  of a Breadboard Unit  capable  of  i n v e s t i g a t i n g  t h e  

behavior of secondary Ag-Zn b a t t e r i e s  i n  t h e  zero-g environment of an e a r t h  

o r b i t .  

by t h e  equipment. 

Three types of test a r e  t o  be performed automat ica l ly  i n  sequence 

This r epor t  covers t h e  test  r e s u l t s  obtained from t h e  Breadboard Unit  

a s  implemented, These tests v e r i f i e d  t h e  adequacy of t h e  s o l i d  s t a t e  l o g i c  

t es t  programming approach used, t h e  da t a  a c q u i s i t i o n  methods employed, and 

e s t ab l i shed  t h a t  average power l e v e l s  f o r  t h e  complete equipment were 

wi th in  the  t a r g e t  spec i f i ca t ion .  

Tests of two of t h e  experiments (Task 1 and Task 3) yielded h ighly  

Task 1 repea tab le  r e s u l t s  which c l o s e l y  checked previous measurements. 

tests of p l a i n  z inc  e l ec t rodes  showed a 55% reduct ion of  l i m i t i n g  c u r r e n t  

dens i ty  under simulated zero-g condi t ions.  Task 3 tests of commercial 

q u a l i t y  Ag-Zn cells showed s u r p r i s i n g l y  l i t t l e  l o s s  i n  discharge capac i ty  

u n t i l  a f t e r  10 stress cyc les  t o  100% depth of discharge.  Reyond t h i s  

po in t  degradat ion of ce l l  c h a r a c t e r i s t i c s  proceeded rap id ly .  

Resul t s  of tests of t h e  Task 2 experiment d id  not  agree wi th  e a r l i e r  

bench top  experiments, 

t o  d i f f e rences  i n  e l ec t rode  cons t ruc t ion ,  and some t o  d e f i c i e n c i e s  i n  t h e  gas 

management system employed. An o u t l i n e  of add i t iona l  work required t o  

e l imina te  d i f f i c u l t i e s  encountered i n  t h e  Task 2 experiment i s  presented. 

Some of t h e  d i f f e rences  noted have been a t t r i b u t e d  



This i s  t h e  f i n a l  r epor t  of JPL Contract  No. 952121 wi th  t h e  General 

Electric Company Research and Development Center covering t h e  design, 

cons t ruc t ion  and t e s t i n g  of a Breadboard Unit  of equipment f o r  i n v e s t i g a t i n g  

t h e  behavior of  Ag-Zn secondary b a t t e r i e s  i n  t h e  zero-g environment of  an  

e a r t h  o r b i t .  

automatic sequence. 

smooth z inc  e l ec t rodes  are ac t iva t ed  and t h e  l i m i t i n g  cu r ren t  d e n s i t y  (LCD), 

cf each i s  measured using a l i n e a r  current-ramp loading technique. This 

t e s t  t s  designed to  measure changes i n  b a t t e r y  performance due t o  g r a v i t y  

s e n s i t i v e  convective t r anspor t  processes.  In t h e  second tes t ,  two s p e c i a l  

b a t t e r i e s  designed t o  permit photographic observa t ion  of bubble behavior a t  

t h e  e lec t rode-separa tor  i n t e r f ace ,  a re  employed as a t e s t  device  t o  measure 

e f f e c t s  of gas bubbles on the  discharge capac i ty  of porous commercial z inc  

Three types of tes t  are  performed by t h e  equipment i n  an  

I n  t h e  f i r s t  test, a group of s i x  s p e c i a l  cells wi th  

and s i l v e r  elec.trodes. The t h i r d  tes t  i s  designed t o  measure any degradat ion 

i n  discharge cyc le  l i f e  of  s i x  5 AH commercial s i l v e r - z i n c  b a t t e r i e s  when 

subjected t o  zero-gravity.  

The ob jec t ives  of  t h e  program included establ ishment  of d e t a i l e d  test  

objec t ives ,  design of test  equipment and ins t rumenta t ion  f o r  implementing 

the  tests, cons t ruc t ion  of a "Breadboard Model" of t h e  t es t  equipment and 

instrumentat ion system, and car ry ing  out  a s u i t a b l e  test  program t o  eva lua te  

the sys  tem performance. 

Approximately 759 hrs,  of trouble-free operation during the test pro- 

gram has indicated that the so l id  s t a t e  log ic  and control system employed 

i n  the three experiments was a re l iab le  and trouble free approach. It 

proved to  be insens i t ive  t o  expected supply voltage and temperature 
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v a r i a t i o n s  and maintained system power consumption wi th in  t h e  l i m i t s  set  

by t h e  i n i t i a l  c o n t r a c t  d e f i n i t i o n .  During tests, a l l  e l e c t r i c a l  measure- 

ments were recorded on magnetic t ape  a t  a very low t ape  speed (0.06 ips ) .  

I n  t h e  t h i r d  tes t  which required recording t i m e s  of 6 t o  8 days, t ape  

e f f f c i e n c y  was f u r t h e r  improved by recording on a sampled da ta  b a s i s  f o r  

14 see. every 72 see. wi th  t h e  t ape  t r a n s p o r t  a r r e s t e d  when not recording. 

Playback of t hese  tapes  a t  1 7 / 8  i p s  has t h e  advantage of t i m e  compression 

and showed n e g l i g i b l e  l o s s  of accuracy i n  both sampled and continuous 

records . 
Test r e s u l t s  from experiments 1 and 3 were found t o  be h ighly  re- 

pea tab le  and c l o s e l y  checked previous experimental work. 

e l ec t rodes  of experiment 1 showed a 55% reduct ion  i n  LCD under zero-g 

condi t ions  simulated by o r i e n t i n g  t h e  cells so t h a t  convection was 

suppressed. 

periment proved t o  be more durable a t  h igh  depth-of-discharge than 

o r i g i n a l  estimates indica ted .  L i t t l e  degradat ion w a s  noted u n t i l  a f t e r  

10 stress cyc les  t o  100% depth of discharge. This means t h a t  i t  may be 

necessary to modify t h e  test program employed t h e r e  t o  achieve a s i g -  

n i f i c a n t  l e v e l  of degradat ion wi th in  t h e  test t i m e  period. 

b u i l t  i n t o  t h e  Breadboard Unit should permit t h e  a d d i t i o n a l  tes t  da t a  

a c q u i s i t i o n  necessary t o  de f ine  a modified test program. 

The p l a i n  z inc  

The commercial q u a l i t y  b a t t e r i e s  employed i n  t h e  t h i r d  ex- 

F l e x i b i l i t y  

The r e s u l t s  obtafned i n  tests of t h e  equipment f o r  experiment 2 

d id  not  agree  wi th  r e s u l t s  from e a r l i e r  bench top  experiments. 

t h e  amount of a d d i t i o n a l  d i scharge  capac i ty  r e s u l t i n g  from removal of gas 

from t h e  e l ec t rode  was much less than previous tests had ind ica ted .  

d i f f e rences  noted have been a t t r i b u t e d  t o  d i f f e r e n c e s  i n  e l ec t rode  

I n  genera l  

The 



cons t ruc t ion  and de f i c i enc ie s  i n . t h e  gas management system employed. 

Several  methods of improving t h e  gas handling system a r e  recommended f o r  

f u r t h e r  test  and development along with changes i n  e l ec t rode  design and 

test procedures intended t o  accentuate  gas e f f e c t s  a t  t h e  e l ec t rode  surface.  

The r e s u l t s  of t h i s  test program i n d i c a t e  the  general  adequacy o f  t h e  

equipment design and experimental approach with exceptions as noted i n  the  

case  of the  second experiment. Also, t he  r e s u l t s  of t e s t s  conducted on 

commercial b a t t e r i e s  i n  experiment 3 tend t o  poin t  up the  inadequacy of 

cu r ren t ly  ava i l ab le  information on Ag-Zn b a t t e r y  performance a s  a bas i s  

f o r  the  design of power suppl ies  i n  many deep space experiments. 

r e f e r r ing ,  no t  j u s t  t o  a lack  of information on e f f e c t s  of weightlessness,  

t h e  a c q u i s i t i o n  of which i s  the  t h r u s t  of t h i s  program, but t o  de f i c i enc ie s  

i n  e s s e n t i a l  information regarding performance c h a r a c t e r i s t i c s  such a s  

depth-of-discharge on the  cyc le  l i f e  of b a t t e r i e s .  

d e t a i l e d  information requi res  t h e  use of l a r g e  s a f e t y  f a c t o r s  i n  system 

designs with an a t tendant  decrease i n  payload ef f ic iency .  

We a r e  

The l ack  of such 

Since such information can be r e a d i l y  obtained with the  Breadboard 

Unit on a semiautomatic bas i s  by varying c e r t a i n  test  parameters, the  

equipment developed under t h i s  program should prove t o  be a u se fu l  ex- 

per imental  t o o l  f o r  labora tory  inves t iga t ions  of  b a t t e r y  c h a r a c t e r i s t i c s ,  

as w e l l  a s  se rv ing  a s  the  test  bed f o r  proving out  techni ipes  usable  i n  

t e s t i n g  g rav i ty  dependent e f f e c t s  on b a t t e r i e s .  
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REDUCED GRAVITY BATTERY TEST PRQGRAM 

1.0 INTRODUCTION 

P r i o r  work by Jet Propuls ion Laboratory,  Ca l i fo rn ia  I n s t i t u t e  of Tech- 

nology on smooth z inc  e l ec t rodes  and a l k a l i n e  e l e c t r o l y t e s  has shown t h a t  

g rav i ty  has s i g n i f i c a n t  e f f e c t s  on e l ec t rode  performance wi th  wide v a r i a t i o n s  

i n  the  e f f e c t  r e s u l t i n g  when t h e  i n t e r n a l  geometry of t h e  c e l l  is  changed. 

Ext rapola t ion  of t hese  r e s u l t s  a t  one g r a v i t y  and h igher  t o  0 g r a v i t y  con- 

d i t i o n s  i s  reveal ing,  bu t  u n c e r t a i n t i e s  i n  t h i s  procedure d e t r a c t  from t h e  

usefu lness  of such r e s u l t s .  Also t h e r e  a r e  quest ions regarding t h e  v a l i d i t y  

of applying such t e s t  r e s u l t s  t o  commercial s i l v e r  z inc  b a t t e r i e s  where 

e l ec t rode  spacings a r e  minimal, and any convection e f f e c t  would be g r e a t l y  

suppressed, However, i n  view 3f t h e  magnitude of t h e  e f f e c t s  noted, i t  i s  

e s s e n t i a l  t h a t  more d e t a i l e d  information be acquired on low g e f f e c t s  by 

d i r e c t  measurement, 

i n  space programs, recogni t ion  of t h i s  need has r e s u l t e d  i n  t h e  Jet  Propuls ion 

Laborator ies  sponsorship of a R&I> program under c o n t r a c t  number 952121. Under 

t h i s  con t r ac t  s t a r t i n g  February 21, 1968, t h e  General Electr ic  Research and 

Development Center undertook a program which had t h e  ob jec t ives  o f  ca r ry ing  

out  background research,  formulat ing test  procedures, and f i n a l l y  designing, 

f ab r i ca t ing ,  and t e s t i n g  a Breadboard Unit of  a test  system which would be 

capable  of i n v e s t i g a t i n g  t h e  behavior of Ag-Zn b a t t e r i e s  dur ing  f l i g h t  i n  a low 

o r  0-8 envirmvneat. 

Because of t h e  wide spread use  of s i l v e r  z inc  b a t t e r i e s  

The Breadboasd Unit i s  t o  be capable  of conducting 3 s e p a r a t e  tests, 

which have been designatad with t a s k  numbers as follows: 

v Task I, - To mabiure t h e  l i m i t i n g  cu r ren t  d e n s i t y  of a smooth pure z inc  

anode i n  t h e  region o f  0 t o  1-g, i n  an experiment designed t o  

1 



provide maximum c o r r e l a t i o n  with da t a  prev ious ly  obtained by 

JPL over a 1 t o  20-g range. 

Task 2 - To i n v e s t i g a t e  t h e  performance of b a t t e r y  e l ec t rodes  i n  

s p e c i a l  s i l v e r  z inc  research cells a s  a func t ion  of bubble 

formation on t h e  e l ec t rode  surface.  

Task 3 - To measure the  e l e c t r i c a l  capac i ty  of a secondary si lver z inc  

cel l  as a func t ion  of charge d ischarge  cyc l ing  i n  a 0 t o  1-g 

environment a s  we l l  a s  t h e  l i m i t i n g  cu r ren t  c a p a b i l i t y  

(po la r i za t ion  curve). 

During t h e  f i r s t  qua r t e r  of t h e  con t r ac t ,  e f f o r t  was concentrated mostly 

on Tasks 1 and 3. Considerable experimental work was c a r r i e d  o u t  i n  an  

e f f o r t  t o  b e t t e r  de f ine  these  ind iv idua l  experiments, and provide information 

f o r  the  design of an adequate test  con t ro l  and instrumentat ion system. The 

r e s u l t s  obtained a r e  covered i n  t h e  F i r s t  Quar te r ly  Report. During t h e  

second quar te r (2)  , t he  bas i c  experimental work necessary t o  d e f i n e  the  

t e s t  procedures and equipment requirements o f t h e  Task 2 experiment were c a r r i e d  

out.  This involves t h e  photographic observat ion of gas bubble formation and 

d i s t r i b u t i o n  on t h e  e l ec t rodes  of s p e c i a l l y  designed s i l v e r  z inc  secondary 

b a t t e r i e s  during charge and discharge cycles .  

As a r e s u l t  of t h i s  experimental work, test  concepts were formulated 

and an equipment design s tudy was c a r r i e d  out  which r e su l t ed  i n  a proposal 

f o r  implementation o f  the three experiments. Test procedure and equipment 

propamla were documented i n  an add i t iona l  r e p o r d 3 )  issued i n  J u l y  1968 

(1) Quarter ly  Report Na, 1, "Reduced Gravity Bat te ry  Test Program" c o n t r a c t  
NQ, 952121, General Eleotr ic  R&D Certter,, Report S-68-2087, J u l y  1968. 

(2) Quarter ly  Report No, 2, "Reduced Gravi ty  Bat te ry  Test Program" con t r ac t  
No. 952121, General EleGtric R&D Center, Repsrt  5-68-1140, September 1968. 

(3) T e s t  Plan and Test Procedures f o r  Reduced Bat te ry  Test  Program con t rac t  
952121, General E l e c t r i c  R&I) Center, Report S-68-1118, J u l y  1968. 

2 



which recommended a design, opera t ing  procedures, and func t iona l  tests f o r  

t he  Breadboard Unit t o  be fabr ica ted ,  t es ted ,  and de l ivered  t o  JPL a s  p a r t  

of t h e  Reduced Gravi ty  Bat te ry  T e s t  Program. 

i s  

eventua l ly  flown i n  a space experiment. 

were se l ec t ed  in so fa r  a s  poss ib l e  so  t h a t  a minimal amount of change would 

be required when the  f l i g h t  u n i t  was designed. Following approval of t h e  

tes t  plan, t he  R&D Center f ab r i ca t ed  the  Breadboard Unit  and c a r r i e d  out  a 

t e s t i n g  program t o  eva lua te  i t ,  The r e s u l t s  of t h a t  test  program a r e  the  

primary sub jec t  of t h i s  f i n a l  report .  

The Breadboard Unit  design 

intended t o  be a r e a l i s t i c  model of s i m i l a r  equipment which w i l l  be 

Thus, i t s  design and components 

Where changes have been made i n  e i t h e r  test procedures o r  equipment 

design from those proposed i n  the  test  plan, they a r e  f u l l y  discussed i n  t h i s  

report .  

and maintenance aspec ts  of t he  equipment. 

document which i s  being issued concurrently.  ( 4 )  

sec t ions  devoted t o  each of t he  t h r e e  experiments c a r r i e d  out  by t h e  equipment. 

Each sec t ion  conta ins  a b r i e f  desc r ip t ion  of t he  experiment and test  sequence, 

together  with test r e s u l t s  obtained. 

p r i o r  r e s u l t s  reported e a r l i e r  i n  t h e  program. 

However, no t  included h e r e  i s  d e t a i l e d  information on t h e  hardware 

That i s  covered i n  a s epa ra t e  

This r epor t  has sepa ra t e  

Where poss ib l e  these  a r e  compared t o  

Addit ional  s ec t ions  cover measured power consumption during opera t ion  of 

t h e  equipment and from t h i s  and o the r  information weight and power f o r  a 

f l i g h t  model of t h i s  equipment a r e  projected.  A f i n a l  s ec t ion  presents  

conclusions drawn from t h e  experimental r e s u l t s  and recommendations f o r  

f u t u r e  a c t i v i t y .  Figure 1.1 shows t h e  complete Breadboard Unit. 

(4 )  I n s t r u c t i o n  Book, G E I  45092 Reduced Gravi ty  Bat te ry  Test  Equipment, 
General E l e c t r i c  Company Research and Development Center, March 1969 
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Figure 1. 1. Complete Breadboard Unit, Reduced Gravity Test Equipment 
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2 e o  TASK 1 - EXPERIMENT 

2 , l  In t roduc t ion  

The Task 1 experiment may be viewed a s  p r imar i ly  an automated inrpfemen- 

t a t i o n  of experiments o r i g i n a l l y  c a r r i e d  o u t  by Jet  Propuls ion Laboratory on 

smooth z inc  e lec t rodes .  However, t h e r e  a r e  some s i g n i f i c a n t  devia t ions  from 

t h e  o r i g i n a l  test  procedure, (5) 

I n  t h e  o r i g i n a l  work, t h e  l i m i t i n g  cu r ren t  dens i ty  of a one square cen- 

timeter a rea  of smooth z inc  e l ec t rode  was determined by loading t h e  ce l l  

w i t h  success fu l ly  l a r g e r  d i scharge  c u r r e n t s  with each l e v e l  maintained con- 

s t a n t  f o r  a t i m e  i n t e r v a l  of 1 minute. 

loading func t ion  was terminated when t h e  vol tage  between t h e  zinc and t h e  

z inc  re ference  e l ec t rode  dropped t o  a va lue  of 1 v o l t .  The maximum cur ren t  

This " s t a i r c a s e  type" of cur ren t - t ime 

l e v e l  reached j u s t  p r i o r  t o  p o l a r i z a t i o n  was defined a s  t h e  l i m i t i n g  c u r r e n t  

dens it y (r 

I n  t h e  i n t e r e s t  of improving r e p e a t a b i l i t y  of t h i s  type of tes t  w e  sub- 

E a r l i e r  tests had shown s t i t u t e d  a l i n e a r  cur ren t - t ime ramp type  of loading. 

t h a t  t h i s  type  of loading gave very r epea tab le  r e s u l t s ,  which could be 

c o r r e l a t e d  t o  t h e  test  r e s u l t s  JPL had obtained previously.  Since implemen- 

t a t i o n  of t h i s  experimental approach was much less complicated than  t h e  

former, it was incorporated i n t o  t h e  equipment design. 

A s  explained i n  Quar te r ly  Report No, 1, Sect ion  l e 1 9  t h e  LCD determining 

t r a n s p o r t  process i s  g r a v i t y  dependent i f  t h e  zinc e l e c t r o d e  i s  placed i n  t h e  

v e r t i c a l  pos i t i on .  I n  t h e  ho r i zon ta l  - pos i t ion ,  on t h e  o t h e r  hand, such 

processes normally a r e  not g r a v i t y  dependent so  t h a t  t h e  h o r i z o n t a l l y  

(5) JPb Space Program Summaries, Volume 5, pages 73-23, 73-26, and 73-30 
(1966) e 
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or i en ted  zinc e l ec t rode  a t  the  bottom, and a t  1-g, can be looked upon a t  

l e a s t  q u a l i t a t i v e l y  a s  a "simulation" of t he  0-g environment. However, it 

was found d e s i r a b l e  i n  car ry ing  out  such tests, t o  maintain a reasonably w e l l  

balanced depth-of-discharge QDOD) i n  order  t o  maintain an equivalent  degree 

of e tch ing  of the  polished zinc e lec t rode ,and  s i m i l a r  s p e c i f i c  g rav i ty  

changes of t h e  e l e c t r o l y t e  regard less  of o r i en ta t ion .  This could be most 

r ead i ly  accomplished by using d i f f e r e n t  cu r ren t  ramp slopes corresponding t o  

the  two d i f f e r e n t  e l ec t rode  o r i en ta t ions ,  

These cons idera t ions  have been fac tored  i n t o  the  design of t h e  breadboard 

model. As implemented, s i x  i d e n t i c a l  c e l l s  a r e  t e s t e d  sequen t i a l ly  using a 

l i n e a r  cu r ren t  ramp t o  determine t h e  l i m i t i n g  cu r ren t  dens i ty  of each c e l l .  

Provis ion  i s  made so t h a t  t he  o r i e n t a t i o n  of t he  cel l  e l ec t rode  can be 

se l ec t ed  a s  e i t h e r  ho r i zon ta l  o r  v e r t i c a l ,  and t h e  s lope  of t h e  cu r ren t  ramp 

i s  adjusted t o  s u i t  t he  o r i e n t a t i o n  se l ec t ed  by means of plug-in components. 

Thus t h e  equipment provides an arrangement whereby tests s i m i l a r  t o  the  

o r i g i n a l  JPL tests can be c a r r i e d  ou t  (grav i ty  s e n s i t i v e  v e r t i c a l  e l ec t rode  

Orientat ion)  o r  0 g r a v i t y  can be simulated (hor izonta l  e l ec t rode  pos i t i on ) ,  

2.2 Act iva t ion  and T e s t  Sequence 

This experiment would o r d i n a r i l y  be c a r r i e d  out  i n  two s t eps ,  I n  s t e p  

number 1 t h e  group of s i x  test  cells  would be ac t iva t ed  by introducing the  

e l e c t r o l y t e  so lu t ion .  

Once ac t iva t ed  the  automatic test  sequence would be i n i t i a t e d  by the  

as t ronaut ,  Once s t a r t e d ,  each of t h e  s i x  cells would be tes ted ,  and a t  t h e  

conclusion of the  Task 1 experiment, t he  Task 2 experiment would be s t a r t e d  

automatical ly ,  

This would be a manual opera t ion  by the  as t ronaut ,  

6 



The d i s c r e e t  s t eps  i n  these  two p a r t s  of the  Task 1 experiment a r e  

l i s t e d  i n  Table 2-1. 

The measurements made during t h e  Task 1 experiment a r e  defined i n  

Table 2-2. 

2.3  Descript ion of Equipment 

The tes t  cel l  employed i n  t h i s  experiment i s  shownin F igu ta  2,1, This  

shows two of the  Task 1 cells, one of which i s  assembled and the  o t h e r  d i s -  

assembled, The ce l l  case i t s e l f  and the  cover p l a t e  a r e  f ab r i ca t ed  from 

a c r y l i c  p l a s t i c .  The a u x i l i a r y  e l ec t rode  employed i n  the  cel l  case  i s  a 

s i l v e r  e l ec t rode  taken from a Yardnzey HR5 type s i l v e r - z i n c  ba t t e ry .  The 

one square cent imeter  e l ec t rode  a rea  i s  defined on t h e  z inc  test  e l ec t rode  

by means of an a c r y l i c  p l a s t i c  mask. When the  c e l l  i s  assembled, an O-ring 

s e a l  i s  used between the  zinc tes t  e l ec t rode  and t h e  main body of  t he  c e l l .  

Contact with the  z inc  e l ec t rode  i s  made by means of a s i l v e r  w i r e  welded t o  

t h e  backside of t h i s  e l ec t rode  area.  Connections t o  the  s i l v e r  e l ec t rode  

and a z inc  re ference  e l ec t rode  i n  f r o n t  of i t  a r e  brought out  through the  

main body of t h e  ce l l  and sea led  with a s o l u t i o n  of a c r y l i c  p l a s t i c  i n  

dichloroethylene a t  t h e  ou te r  su r f aceo  

Each cel l  i s  provided with a s t e m  e l e c t r o l y t e  po r t  through which the  

ce l l  i s  f i l l e d  when it  is inse r t ed  i n  t h e  manifold. The s e a l  t o  t h e  manifold 

system i s  accomplished by means of another  O-ring on t h e  s t e m  of t h e  cell. 

E l e c t r o l y t e  from the  manifold e n t e r s  t he  cel l  through a nylon c a p i l l a r y  tube 

which provides a high e l e c t r i c a l  r e s i s t a n c e  path between cel l  and manifold, 

This i s  necessary i n  order  t o  provide adequate e l e c t r i c a l  i s o l a t i o n  between 

the  cells  when they are inse r t ed  i n  the  manifold. This c a p i l l a r y  has a 

bore diameter of about 40 m i l s  and i s  approximately 6 inches long. This 
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TABLE 2-1 

TASK 1 ACTIVATION AND TEST SEQUEXCE DESCRIPTION 

I. Activat ion of Task 1 Cells (preliminary manual opera t ions  by ,astronaut):  

1. Open va lve  t o  evacuate Task 1 test  cells 

2. Close vacuum valve 

3, 

4. Close f i l l  valve 

5. Vent cells  t o  ambient 

Open va lve  t o  KOH r e se rvo i r  t o  f i l l  c e l l s  

11. Task 1 T e s t  Sequence (automatic, see  note  6 fol lowing Table 2-2) 
(see Table 2-2 f o r  l i s t i n g  of measurements) 

1. Cal ibra t ion  Sequence: 

a. 

b. Zero check of measurement channels 1-4 

C. S e n s i t i v i t y  check measurement channels 

d. Repeat Step b 

e. Repeat  Step c 

f .  Reconnect measurement system 

Disconnect t ape  recorder  measurement system 

2. Connect Bat te ry  Sample 41.1 

3. L.C.D. Measurement Sequence: 

a. 

b, When maximum discharge cu r ren t  i s  reached (175 ma o r  see note  1) 

S t a r t  discharge c u r r e n t  ramp (s lope = 7 m a / m i n  - see no te  1, 2, 
Table 2-2) 

s t a r t  c a l i b r a t i o n  sequence ( l a  - I f  above) 

4 .  Disconnect Bat te ry  Sample #l, connect Sample f 2  

5. Repeat L.C.D. Measurement Sequence ( s tep  3) 

6. & 7. Repeat Steps 4 ,  5 f o r  Sample #3 

8. & 9. Repeat Steps 4,  5 f o r  Sample #4 

10, & 11. Repeat Steps 4 ,  5 f o r  Sample #5 

12. & 13. Repeat Steps 4,  5 f o r  Sample #6 

14. Disconnect Bat tery Sample 86 
15. Generate end-of- tes t  s i g n a l  

9 



TABLE 2-2 

TASK I MEASUREMENTS 

Measurands 

Voltage: Zn 
Electrode t o  Zn re f .  

Voltage: C e l l  

C e l l  Current (ma) 

Temperature 
(note  5 )  

Elapsed T i m e  

0-1.2v 

1 ,o-2 e 2v 

0- 100 
(note 4 )  

0- 5OoC 

0-30 min. 

20 MV 

20 MV 

2MA 

0 1°C 

1 sec 

h 
c) 
((I 
&I 

c) 
4 
2 

- +50 MV 
- 950 MV 

- 4-5 MA 

1°C 

5 sec 

1.2v 

2.2v 

.065 

. 065 
*ref. f req.4 

of tape  
recorder.  

NOTES : 
1, 
changed t o  g e t  o the r  ramp slopes.  
s lope  with a maximum cur ren t  of 250 ma. 

Ramp s lopes  t o  be determined by access ib l e  components which can be r e a d i l y  
Components w i l l  a l s o  be provided f o r  50 ma/min. 

2. 
s i g n a l  a f t e r  3 hrs .  which w i l l  i n i t i a t e  Task 2 sequence. 
ce l l  f a i l u r e  o r  cu r ren t  ramp generator  f a i l u r e .  

Task 1 con t ro l  system t o  have a timed over r ide  which generates  an end-of- tes t  
This i s  t o  guard aga ins t  

3. 
cur ren t  range s lope  (7 malmin) with v e r t i c a l  e l ec t rode  a t  l g  w i l l  r equ i r e  up t o  
25 min, pe r  sample, 

4 ,  Can be changed with replaceable  r e s i s t o r  t o  0 t o  250 m a  rangeq 

Based on zero g o r  zero g s imulat ion wi th  ho r i zon ta l  e lec t rode .  T e s t  a t  low 

5. 
sample cells. 

One temperature sensor  t o  measure average ambient temperature near  s i x  

6. Six cells can be t e s t e d  automatical ly  under t h e  following prese lec ted  condi t ions:  

a ,  ho r i zon ta l  e l ec t rode  o r i e n t a t i o n  
b, v e r t i c a l  e l ec t rode  o r i e n t a t i o n  
c.  cu r ren t  ramp s lope  se l ec t ed  from opt ions  s t a t e d  i n  no te  1. 
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provides a r e s i s t a n c e  of about 10 Kilohms between c e l l s  v i a  t he  e l e c t r o l y t e  

present  i n  the  common manifold. 

leakage cu r ren t  between cel ls  t o  n e g l i g i b l e  l eve l s .  

cells  i s  plugged i n t o  t h e  test manifold used f o r  ac t iva t ion .  A terminal  

s t r i p  on t h e  manifold provides connection of t h e  t h r e e  e l ec t rode  leads  from 

This r e s i s t a n c e  l e v e l  i s  adequate t o  reduce 

A group of s ix  of t hese  

each cell.  A photograph of t h e  manifold wi th  s i x  cells  in se r t ed  i s  shown 

i n  Figure 2.2. 

A t  t he  conclusion of t he  Task f tests the  c e l l s  and manifold remain i n  

a vented condition. 

formation on s tanding over a period of t i m e ,  a vent t r a p  i s  provided a s  an 

i n t e g r a l  p a r t  of t h e  manifold. This c o n s i s t s  of two r o l l e d  sec t ions  of 200 

mesh nylon screen in se r t ed  i n  s e r i e s  i n  a 3/4" diameter ho le  through which 

vented gasses a r e  conducted t o  t h e  vent  system, Since t h e  nylon screen i s  

r e a d i l y  wetted by t h e  e l e c t r o l y t e  it tends t o  be trapped i n  t h i s  sc reen  while  

gas passes r e a d i l y  and a gas pressure  buildup i s  prevented. 

To prevent carryover  of t he  e l e c t r o l y t e  due t o  gas 

On Task 1 con t ro l  panel shown i n  photograph 2.2, i n  add i t ion  t o  the  c e l l s  

and test  manifold a small  vacuum gage i s  provided t o  p e r m i t  monitoring of 

manifold and cell pressure  during t h e  evacuation s t e p  p r i o r  t o  f i l l i n g .  

Behind t h e  panel, t h e  e l e c t r o l y t e  r e se rvo i r  is mounted, It c o n s i s t s  of a n  

8 ounce polyethylene b o t t l e  with s u f f i c i e n t l y  t h i n  wal l s  so  t h a t  i t  tends t o  

co l l apse  under p a r t i a l  vacuum, 

is  opened, t h i s  forces  e l e c t r o l y t e  i n t o  t h e  evacuated c e l l s .  

When t h e  e l e c t r o l y t e  valve on t h e  manifold 

2.4 Act iva t ion  Procedures 

Prel iminary t o  t h e  tests, a s o l u t i o n  of z inc oxide sa tu ra t ed  potassium 

hydroxide e l e c t r o l y t e  i s  prepared, This c o n s i s t s  of a 40% by weight s o l u t i o n  

11 
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of KBH which i s  sa tu ra t ed  wi th  zinc oxide by s t i r r i n g  wi th  surp lus  of z inc  

oxide present  over a per iod of 2 days a t  room temperature. This mixture 

i s  then vacuum f i l t e r e d  and thoroughly degassed before  t r a n s f e r  i n t o  the  

e l e c t r o l y t e  r e s e r v o i r e  

2.5 Test Resul ts  

The Task 1 test  has been c a r r i e d  out  twice. I n  t h e  f i rs t  test t h e  s i x  

test  c e l l s  were or ien ted  wi th  t h e  zinc e l ec t rode  ho r i zon ta l  which s imulates  

zero g rav i ty  condi t ions,  

course of t h i s  test  i s  shown i n  Figure 2.3. The test record d i sp lays  the  4 

parameters measured which were, from top t o  bottom, zinc t o  z inc re ference  

voltage,  c e l l  vol tage,  c e l l  cur ren t ,  and ambient temperature. 

A sample of t h e  c h a r t  record taken during t h e  

I n  t h i s  test, which c a l l e d  f o r  a nominal cu r ren t  ramp s lope  of 7 m i l l i -  

amps per  minute, t he  a c t u a l  s lope  was measured a s  6.83 milliamps pe r  minute. 

Two minor d i f f i c u l t i e s  occurred during t h i s  test. The re ference  e l ec t rode  

on the  f i r s t  test  sample opened so  t h a t  z inc t o  z inc  re ference  vol tage  

measurements were not  a v a i l a b l e  f o r  t h i s  cell.  Also some overheating was 

noted i n  t h e  I@ ampl i f i e r  c o n t r o l l i n g  cel l  cu r ren t  a t  cu r ren t  l e v e l s  beyond 

those  which caused f u l l  p o l a r i z a t i o n  of t h e  cell.  This de fec t  was cor rec ted  

i n  subsequent tests and is discussed i n  Sect ion 2.5.3 below, Nei ther  of 

these  d i f f i c u l t i e s  caused t h e  loss of any s i g n i f i c a n t  data .  

Table 2-3 summarizes t h e  r e s u l t s  of t h e  Task 1 test  on ho r i zon ta l  

e l ec t rode  samples, The consis tency of  t h e  r e s u l t s  i n  ce l l  t o  c e l l  tests is  

q u i t e  ev ident ,  

e lec t rodes  o r i en ted  i n  t h e  v e r t i c a l  pos i t ion .  

t he  r e s u l t s  obtained on ce l l  No. 4 i n  t h i s  test. 

The second test  of Task 1 was c a r r i e d  out  with the  ce l l  

Figure 2.4 i s  a sample of 
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TABLE 2-3 

Resul ts  of Task 1 Tes t  - Horizontal  Electrode P o s i t i o n  

Current Ramp Slope: 6.83 ma/min 

Temperature: 24.5OC 

Tes t  C e l l  
NO 

1 

2 

3 

L 

5 

6 

MEAN : 

LCD 
ma/cm 

65.8 

65.8 

69.5 

69.5 

65.8 

65.8 

67.03 

Time To 
P o l a r i z a t i o n  

Min . 
9.3 

9.3 

10.1 

10.2 

9.5 

9.7 

9.68 

D i sc ha r g e 
Cap. 

m a - m i n  

295 

295 

342 

3 54 

306 

320 

318.7 



a, a 
0 
k 
0 
a, 

I 4  

c, 

F4 



P r i o r  t o  t h i s  tes t  t h e  d i f f i c u l t y  mentioned previously was remedied,- 

This accounts f o r  t he  somewhat d i f f e r e n t  curve shape on t h e  ce l l  discharge 

c u r r e n t  i n  t h i s  test. The r e s u l t s  of t h i s  tes t  a r e  summarized i n  Table 2-4, 

2,5,3 C i r c u i t  Performance 

The o v e r a l l  c i r c u i t  performance of t h e  Task 1 system has been good. The 

ramp rates a r e  s t a b l e  and q u i t e  l i n e a r  over t he  range of operation. 

One problem t h a t  a rose  e a r l y  i n  t h e  t e s t i n g  program was excesslve hea t ing  

of t he  pA709 ampl i f i e r  i n  t h e  cu r ren t  con t ro l  c i r c u i t .  

a f t e r  t h e  Task 1 cells Rad polar ized  and the  c e l l  vo l tage  had dropped t o  

zero. When t h e  c e l l  vo l t age  i s  zero, t h e  d r iv ing  t r a n s i s t o r  (2N3054) looks 

l i k e  a forward biased diode t o  t h e  output  of t h e  pA709. The forward biased 

diode i s  e s s e n t i a l l y  a s h o r t  c i r c u i t  on t h e  output of t h e  pA709 and caused the  

ampl i f i e r  t o  overheat ,  The c i r c u i t  has been modified by t h e  add i t ion  of a 

second d r iv ing  t r a n s i s t o r  ( i n  a Darlington configurat ion) , ,and a cu r ren t  

l i m i t i n g  r e s i s t o r .  

i n d e f i n i t e l y  without damage t o  t h e  pA709. 

The pA709 overheated 

With t h i s  modification, t h e  c e l l  vo l tage  can remain zero 

2.6 Discussion of  T e s t  Resul ts  

Although t h e  i n t e r n a l  consis tency of t he  tes t  r e s u l t s  obtained on t h e  

6 c e l l s  and reported i n  the  previous sec t ion  i s  q u i t e  remarkable, a l l  values  

obtained, including t h e  v e r t i c a l  t o  ho r i zon ta l  LCD-ratios, a r e  d i s t i n c t l y  

lower than those obtained e a r l i e r  on ind iv idua l  bench-top cells. See 

Table 1-2, Ref, (2). A s u b s t a n t i a l  number of seemingly unimportant changes 

have been incorporated i n t o  the  test  procedure s ince  t h e  bench-top tests 

were madeo 

discrepancy, but i t  is  impossible a t  t h i s  t i m e  t o . p i n p o i n t  any of those. 

Obviously one o r  more of t hese  must be respons ib le  f o r  t h i s  
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TABLE 2-4 

. .  Resul t s  of Task 1 Tes t  - V e r t i c a l  Electrode Posi- 

Current Ramp Slope: 52.8 mafmin 

Temperature: 24OC 

Time To 
Po la r i za t ion  

Min . 
Discharge 

Cap. 
ma-min 

T e s t  C e l l  
NO. 

LCD 
mal c m  

1 141 - 4 2.68 190 

2 139.0 2.60 179 

3 

4 

149 * 0 2.80 207 

156.2 2.93 22 7 

5 141.3 2.68 190 

6 151.3 2.85 215 

1460 37 MEAN : 2.757 201.3 
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Nevertheless,  t h e  p o s i t i o n  dependence of t h e  LCD's is  a s  obvious a s  ever, 

suggesting a s t rong  g r a v i t y  dependence i n  t h e  0 - 1 region. 

Matching t h e  d ischarge  c a p a c i t i e s  can be f u r t h e r  improved by bringing 

t h e  two c u r r e n t  ramp s lopes  somewhat c l o s e r  toge ther ,  
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3.0 TASK H I  EXPERIMENT 

3 1 Int roduct ion  

The objec t ive  f o r  t h i s  t a s k  i s  t o  inves t iga t e  the  performance of porous 

s i l v e r  z inc  b a t t e r y  e l ec t rodes  as a funct ion of the  photogra 

presence o r  absence of gas  bubbles on the  e lec t rode  surfaces .  

c o n s i s t s  of measurements of the  e l e c t r i c a l  capac i ty  of a spec ia l  design of 

research  c e l l  during a cycle  designed t o  induce bubble formation, together  

with a photographic record of the  physical  behavior of the  bubbles and the  

gas- l iqu id  phase d i s t r i b u t i o n  wi th in  the  c e l l .  The ove ra l l  ob jec t ive  i s  t o  

compare such behavior i n  a 0-g environment w i t h  behavior o r d i n a r i l y  encountered 

a t  1-g. 

The experiment 

The i n i t i a l  work on t h i s  t a s k  i s  covered i n  the  Second Q u a r t e r l y  Report (2) . 
There, a t e s t  procedure was described which compared the discharge capac i ty  of 

a gas covered e lec t rode  with one which w a s  gas f r e e .  I n  t h a t  t e s t  procedure, 

a p a r t i a l  discharge capac i ty  ( D l )  of a f u l l y  charged and gas loaded t e s t  

e lec t rode  measured under high constant  cur ren t  dens i ty  condi t ions  w a s  compared 

t o  the  r e s idua l  discharge capac i ty  (D2) of the  same e lec t rode  a f t e r  the gas 

cover had been removed. The e f f e c t  of trapped gas on capac i ty  w a s  then measured 

as the  r a t i o  of D 2  t o  D1. I f  the  trapped gas had no e f f ec t ,  t h i s  r a t i o  would 

approach 0, which w a s  found t o  be the  case f o r  very low cu r ren t  dens i t i e s .  

I n  cont ras t ,  f o r  cu r ren t  d e n s i t i e s  i n  the  range of 50 t o  100 d / c m  

e l ec t rodes  from a Yardney HR5 c e l l ,  D 2 / D 1  values  i n  excess of 1.1 were obtained. 

All of the  i n i t i a l  t e s t s  were made with an open c e l l  bench top  s e t  up which 

permitted observat ion of the  t e s t  e lec t rode  sur face  through a microscope while 

the  t e s t  w a s  being conducted. 

2 on z inc  

Out of t h i s  work a s p e c i a l  c e l l  w a s  designed which permitted photographs 
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t o  be taken of t h e  tes t  e l e c t r o d e  during t h e  course of t h e  experiment. This 

closed ce l l  had provis ion  f o r  t h e  removal of t h e  gas cover on t h e  e l e c t r o d e  

by means of an  evacuat ion cycle,  and add i t iona l ly ,  i t  included a gas sepa ra to r  

which was t o  be used i n  conjunct ion w i t h  a r e - c i r c u l a t i n g  pump t o  c o n t r o l  gas 

d i s t r i b u t i o n  i n  t h e  cell.  One o f  t hese  s p e c i a l  cells was bench t e s t e d  wi th  

The r e s u l t s  were found r e c i r c u l a t e d  

t o  be comparable t o  t h e  e a r l i e r  work wi th  t h e  open bench top cell. 

t h e s e  i n i t i a l  r e s u l t s  a proposal f o r  implementing t h i s  test  was made i n  the  

T e s t  Plan. (3’ 

breadboard equipment. 

e l e c t r o l y t e  and a z inc  test  e lec t rode .  

Based on 

I n  general  t h a t  approach has been followed i n  f a b r i c a t i n g  t h e  

Consequently, two of t hese  cells were fab r i ca t ed ,  one which would permit 

t e s t i n g  t h e  z inc  e l ec t rode  and second t h e  s i l v e r  e lec t rode .  The f i n a l  

breadboard implementation of t hese  provtded t h e  equipment f o r  tak ing  t h e  

photographs, c o n t r o l  switching f o r  ca r ry ing  out  t h e  test  sequence, and 

t h e  necessary pumps and plumbing f o r  r e c i r c u l a t i n g  t h e  e l e c t r o l y t e  and separa t ing  

gas. Some minor devia t ions  from recommendations of t h e  T e s t  Plan have seemed 

advisable  during t h e  cons t ruc t ion  phase. Where t h i s  has occurred, they a r e  

descr ibed i n  d e t a i l  i n  t h e  following sec t ions .  This s e c t i o n  of t h e  r epor t  i s  

devoted p r imar i ly  t o : ( l )  A desc r ip t ion  of t h e  Task P I  experiment a s  implemented 

i n  t h e  breadboard model,& (2) The r e s u l t s  obtained from tests c a r r i e d  o u t  

wi th  t h e  breadboard model. 

3.2 

For re ference  purposes t h e  a c t i v a t i o n  and test  sequence a s  proposed i n  

t h e  T e s t  P l an  i s  included below a s  Table 3-1. Associated wi th  t h i s  is  Table 

3-2 which l i s t s  t h e  measured parameters f o r  the Task I1 experiment. Reference 

w i l l  be made t o  these  two t a b l e s  i n  the  discussion below where changes have been 

found t o  be necessary. 
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TABLE 3-1 

I. (Preliminary manual operat  a u t  
t o  fol low immediately a f t e r  s t e p s  1 - 5 of p a r t  I of Table 2-1) 

1. 

2.. 

3 .  

4 .  

5. 

6 .  

7. 

Switch on two va lves  t o  evacuate t h e  two t e s t  ce l l s  (z inc  
and s i l v e r  e l ec t rodes ) .  

Turn both  c i r c u l a t i n g  pumps on. 

Open manually two r e se rvo i r  valves t o  f i l l  two test systems 
wi th  metered volume of KOH e l e c t r o l y t e .  

Close f i l l  valves .  

Switch o f f  vacuum valves. 

Open two b a c k f i l l  valves .  

Close two b a c k f i l l  valves .  

11. Task 2 Tes t  Sequence (automatic) (see note 5 following Table 3-2) 

A. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11 

Zinc Tes t  C e l l  

Ca l ib ra t ion  Sequence (see Table 2-1 p a r t  I1 s t e p s  l a  th ru  l f ) .  

Connect z inc  tes t  ce l l .  

Photograph z inc  e lec t rode ,  s tar t  c e l l  charge a t  an i n i t i a l  cu r ren t  
of 6 ma.  (note 1) 

Photo, s t o p  c e l l  charge when Vr = -0.25 v o l t  (note 6) 
(charge t i m e d  112 hr . )  

Photo, s tart  discharge at-20 m a  t o  determine D 

Photo, terminate  discharge when V +0.50 v o l t  (discharge 
t i m e  < 1 hr . )  

(see note  2) 1' 

r 

Photo, connect c e l l  t o  vacuum f o r  1 min. 

Photo, shut-off  vacuum, and b a c k f i l l  t o  ambient f o r  1 min. 

Photo, connect c e l l  t o  vacuum f o r  1 min. 

Photo, shut-off  vacuum and b a c k f i l l  t o  ambient f o r  1 min. 

Photo, s tart  discharge a t d 2 0  m a  t o  determine D (see note  3) 2 '  
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TABLE 3-1 (continued) 

1 2 .  Photo, terminate  discharge when V = +0.50 v o l t  (discharge r t i m e  < 1 hr . )  

13. Photo, generate  end of tes t  s igna l .  

B. S i l v e r  T e s t  C e l l  

1. Ca l ib ra t ion  Sequence ( see  Table 2-1, P a r t  11, Steps  l a  t h r u  I f ) .  

2. Disconnect z i n c  ce l l ,  connect s i l v e r  c e l l .  

3 .  Photo, s tar t  charge a t  an i n i t i a l  cu r ren t  of 12 ma.  (see note  1) 

4 .  Photo, terminate  charge when V = 9 2.2 v o l t  (charge time-l/2 hr . )  r 

5. Photo, s t a r t  discharge at-35 m a  t o  determine D (see note  2) 

6 .  Photo, terminate  discharge when V = +1.1 v o l t  (discharge time 

1* 

r < 1 hr . )  

7. - 10. Same as Steps A . 7  - A . 1 0 .  

11. Photo, s t a r t  discharge a t  35 m a  ( see  note  3 )  

1 2 .  Photo, terminate  discharge when V = +1.1 v o l t  (discharge t i m e  r < 1 hr . )  

13. Photo, generate  end-of - tes t  s igna l .  

14. Ca l ib ra t ion  sequence. 

15. Disconnect s i l v e r  tes t  c e l l .  

16. Generate end-of-Task 2 s igna l .  

1 7 .  Turn o f f  c i r c u l a t i n g  pumpse 

23 



TABLE 3-2 

TASK 2 MEASUREMENTS 

Measurands 

A ,  Zinc Test C e l l :  

Voltage: Zn 
e l ec t rode  to  r e f .  

Voltage: C e l l  

C e l l  Current (ma) 

Temperature(note 4 )  

Elapsed Time 

B. S i l v e r  T e s t  C e l l :  

Voltage: AG 
e l ec t rode  to  r e f .  

Voltage: C e l l  

Ce l l  Current (ma) 

Temp e ra  t u r  e 

Elapsed Time 

NOTES : 

& 
c u d  
5 a  
N C  o c  

& U  
$ 2  
- 

1 

2 

3 

4 

5 

1 

2 

3 

4 

5 

1. I n i t i a l  charge c u r r e n t  

-0.25 to +0.5V 

1.0 - 2.2v 

0 - 50 

0 - 5OoC 

0 - 2.5 h r s ,  

1.0 - 2.2 

1.0 - 2.2 

0 - 50 

0 - 5OoC 

0 - 2.5 hrs .  

c 
0 
1-I u 
7 
I4 
0 
ro 

F 2  

10 Mv 

2-0 Mv 

1 M A  

0. 1°C 

1 sec. 

20 Mv 

20 Mv 

1 M A  

0 . 1°C 

1 sec. 

h 
CJ m 
& 
7 
0 

4 

- +30Mv 

- +50Mv 

- +2 . 5MA 
1°C 

10 sec. 

- +50 Mv 

- 4-50 MV 

- +2 0 5MA 

1°C 

10 sec. 

t o  be a d j u s t a b l e  over range of 5-2Oma. 

10K 

10K 

10K 

10K 

k r e f  . f r eq .o f i  
t ape  recorder  

2.2v 

.065 

10K 

10K 

.065 10K 

- ref  .freq.of- 
t ape  recorder  

I 

2. 

3.  

4 .  
5, 

D1 i s  d ischarge  c a p a c i t y  obtained under gas loaded condi t ions .  
on d ischarge  c u r r e n t  t o  be 10-50ma. 
D2 i s  a d d i t i o n a l  d i scharge  capac i ty  gained by degassing e lec t rode .  
range on d ischarge  c u r r e n t  t o  be 10-5Oma. 
Ambient temperature near  two test cells. 
C e l l  e l ec t rodes  a r e  f ixed  i n  t h e  ho r i zon ta l  pos i t i on .  
provides a timed ove r r ide  which generates an end-of- tes t  s i g n a l  a f t e r  3 hours 
which w i l l  i n i t i a t e  t h e  next test sequence. 
Vr i s  vo l t age  between test e l e c t r o d e  and Zn re ference  e lec t rode .  

Adjustment range 

Adjustment 

The Task 2 c o n t r o l  system 

6 ,  
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3.3 Descr ipt ion of t he  T e s t  Equipment 

Figure 3-1 shows a schematic diagram of  t h e  equipment arrangement f o r  

one of t h e  cel ls  i n  the  Task 2 experiment. 

used t o  c i r c u l a t e  t h e  e l e c t r o l y t e  p a s t  t he  test  e l ec t rode  of t h e  cell ,  then 

through a 200 mesh nylon screen which a c t s  a s  a gas separa tor ,  and back t o  

t h e  pump. The r e c i r c u l a t i n g  flow can be measured on a flowmeter i n s t a l l e d  i n  

t h i s  c i r c u i t  and regulated by means of a metering va lve  V4 which is  an 

i n t e g r a l  p a r t  of t h e  flowmeter, The gas r e se rvo i r  shown a t  t h e  top of t h e  

cel l  is  intended t o  provide expansion volume when gas i s  removed from the  

c e l l  by reducing system pressure,  A vent  t r a p  i s  provided between the  

vacuum source and the  gas r e se rvo i r  t o  handle any l i q u i d  which might be 

c a r r i e d  over during the  evacuation process,  

mesh screen  contained i n  a t e f l o n  cy l inder .  

permits evacuation of t h e  c e l l  when energized. 

it vents  t h e  c e l l  t o  ambient, The vacuum l e v e l  reached i n  the  system i s  

con t ro l l ed  by manipulating two bleed valves  BV1 and BV2 and observing the  

manifold vacuum on a panel mounted vacuum gage. 

A s e a l l e s s  cener i fuga l  pump is 

This vent  t r a p  c o n s i s t s  of nylon 

A 3-way solenoid va lve  (SVZ) 

I n  t h e  debenergized pos i t i on  

P r i o r  ta the  test  toggle  valve V l  i s  c losed and both the  tes t  cel l  and 

t h e  KOH r e se rvo i r  a r e  evacuated. I n  t h e  ease  of t he  l a t te r  t h i s  is  done by 

opening e l e c t r o l y t e  f i l l  valve V3 t o  a vacuum source, and i n  t h e  case  of the 

former by energizing solenoid valve SV1. Af te r  evacuation and l eak  t e s t ing ,  

t he  e l e c t r o l y t e  r e se rvo i r  i s  backf i l l ed  wi th  a s o l u t i o n  of 40% by weight KOH 

which has been thoroughly degassed p r i o r  t o  f i l l i n g .  Af te r  f i l l i n g  valve V 3  

i s  closed. 

i s  introduced i n t o  t h e  system. To f i l l  t h e  cell,  toggle  va lve  V 1  i s  opened 

while  t h e  cel l  is  s t i l l  connected t o  vacuum. The e l e c t r o l y t e  i s  allowed t o  

Valve V2 provides a means f o r  c o n t r o l l i n g  flow r a t e  a s  e l e c t r o l y t e  
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Figure 3-  1. Schematic Diagram-Task 2 Experiment 
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gradual ly  f i l l  t h e  system t o  any des i red  volume which can be v i s u a l l y  monitored. 

When an adequate amount of e l e c t r o l y t e  has been admit ted, toggle  va lve  V1 i s  

closed. 

A n  a l t e r n a t i v e  approach which has been provided f o r  i s  automatic f i l l i n g  

with a f ixed  volume of  e l e c t r o l y t e .  

s tops  on t h e  e l e c t r o l y t e  r e se rvo i r  which can be set  t o  admit any f ixed  volume 

This i s  accomplished by u t i l i z i n g  b u i l t - i n  

of e l e c t r o l y t e  t o  the  system. 

Once f i l l i n g  has been completed, solenoid va lve  SVl is  opened vent ing  

t h e  system t o  ambient, and the  c e n t r i f u g a l  pump i s  turned on t o  provide c i rcu-  

l a t i o n  of t h e  e l e c t r o l y t e .  A s i m i l a r  ce l l  and equipment arrangement i s  provided 

f o r  t e s t i n g  both a z inc  e l ec t rode  and a s i l v e r  e lectrode.  The systems a r e  

completely independent except f o r  t h e  motor which d r i v e s  t h e  c i r c u l a t i n g  pumps 

and t h e  camera used t o  record bubble behavior. 

of t h e  equipment arrangement on t h e  f r o n t  panel of t h e  Task 2 panel. 

cel ls  a r e  shown, one i n  which the  zinc e lec t rode ,  and the  o the r  i n  which t h e  

s i l v e r  e lec t rode ,  can be observed and photographed. The phys ica l  arrangement 

of  t he  cells r e l a t i v e  t o  the  camera and l ens  assembly permits e i t h e r  of t h e  

tes t  e lec t rodes  t o  be photographed. (Which e l ec t rode  i s  photographed depends 

on which of t h e  two f l a s h  u n i t s  a r e  act ivated.)  This i s  accomplished by 

means of a s p e c i a l  l ens  arrangement a t tached  t o  t h e  camera which provides 

f o r  a simultaneous viewing of both test e lec t rodes .  

F igure  3.2 shows a photograph 

Two test 

The camera used i s  motor 

dr iven  and provides f o r  up t o  36-35 mm photographs of test  e lec t rodes .  

two f l a s h  u n i t s  employed a r e  operated from rechargeable b a t t e r i e s .  

posi t ioned on e i t h e r  s i d e  of the  l ens  assembly t o  provide i l l umina t ion  of one 

o r  t h e  o the r  test e lec t rodes ,  Each of t hese  u n i t s  has  a capac i ty  i n  excess 

of t h e  10 photographs t h a t  are normally taken i n  t e s t i n g  any one e lec t rode .  

The 

They a r e  
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Figure 3 .2 .  Task 2 Test Panel 
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On t h e  r e a r  of t h i s  panel and i n  t h e  chass i s  assoc ia ted  wi th  it a r e  located 

t h e  remainder of the  f l u i d  and gas handling components i n  t h i s  system. This 

equipment arrangement i s  shown i n  Figure 3.3. I n  t h e  r i g h t  and l e f t  fore-  

ground a r e  t h e  e l e c t r o l y t e  r e se rvo i r s  which a r e  made of a c r y l i c  p l a s t i c ,  cen te r  

foreground a r e  t h e  vacuum regula t ing  manifolds f o r  t he  two cells; behind these  

manifolds i s  t h e  motor which d r ives  two c e n t r i f u g a l  pumps i n  t h e  e l e c t r o l y t e  

r e c i r c u l a t i n g  systems, and located d i r e c t l y  above a c i r c u i t  board are the  

two vent  t raps .  

u n i t s  and c e l l  switching, which a r e  located on t h e  c i r c u i t  board a t  the  back of 

t he  Task 2 panel, a l l  of  t h e  e l e c t r o n i c  con t ro l s  and c i r c u i t s  are located i n  

t h e  main frame of t he  equipment. 

Except f o r  some re l ays  which con t ro l  t h e  camera and f l a s h  

An exploded view of one of t h e  Task 2 ce l l  assemblies i s  shown i n  

Figure 3 . 4 .  The s e c t i o n  t o  the  l e f t  comprises t h e  gas r e se rvo i r  and gas 

separa tor .  

t he  c e l l ;  t o  t he  r i g h t  of t h i s  i s  t h e  tes t  cel l  i t s e l f ,  and t o  i t s  r i g h t  t he  

viewing window f o r  the  test  electrode, 

reference e lec t rode .  

c e l l  mount through O-ring sea ls .  

c e l l  body wi th  another  O-ring sea l .  

The rec tangular  block next  t o  t h i s  is  t h e  main mounting block f o r  

Each ce l l  is  provided wi th  a z inc 

The gas sepa ra to r  and test ce l l  a r e  joined t o  t h e  main 

Also, t h e  viewing window i s  sea led  t o  the  

This O-ring appears i n  Figure 3.5 which 

i s  a f r o n t a l  view of t h e  test ce l l  body. 

f r o n t  su r f ace  of t h e  n i cke l  w i r e  g r i d  covering t h e  test  electrode.  

re ference  e l ec t rode  i s  j u s t  above i t  and to  t h e  l e f t  of  t h e  o r i f i c e  through which 

the  e l e c t r o l y t e  i s  c i r c u l a t e d  across  t h e  f a c e  of t h e  e lec t rode ,  

of t h i s  photograph a sepa ra t e  test e l ec t rode  i s  shown p r i o r  t o  i n s t a l l a t i o n .  

I n  t h i s  photograph can be seen t h e  

The 

To t h e  r i g h t  

3.4 Act iva t ion  and T e s t  Procedure ChanPes 

The a c t i v a t i o n  procedure used is a s  shown i n  Sec t ion  I of  Table 3.1  
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with  one exception, 

of t h e  system accomplished i n  Step 7. This change was made because it w a s  

found t h a t  t h e  c i r c u l a t i n g  pumps cav i t a t ed  i f  they were allowed t o  ope ra t e  

during the  f i l l i n g  procedure under vacuum. Therefore,, they are  not  turned 

on u n t i l  f i l l i n g  and vent ing i s  completed. Once turned OR they remain i n  

opera t ion  throughout t h e  Task 2 automatic test  sequence except when t h e  

c e l l s  a r e  being evacuated. A t  t h a t  t i m e ,  they a r e  again turned o f f  u n t i l  

t h e  system pressure  i s  returned t o  one atmosphere. 

pump opera t ion  i s  c a r r i e d  out  au tomat ica l ly  by t h e  Control Logic. 

Step 2 i s  now c a r r i e d  out  a f t e r  completing t h e  vent ing  

I 
The programming of t h e  

A.number of minor r ev i s ions  have been made i n  t h e  automatic tes t  

sequence which was l i s t e d  i n  P a r t  11 of Table 3-1.  These a r e  as  follows: 

Photograph number 1 i s  taken a t  t h e  beginning of Step 2. 

Following connection of  t h e  c e l l  under test  the re  i s  a one 

minute t i m e  delay before  the  tes t  proceeds. 

Following the  completion of Step 4 t he re  i s  a two minute 

t i m e  de lay  before  t h e  discharge c a l l e d  f o r  i n  Step 5 i s  begun. 

N o  photograph i s  taken i n  S tep  6. 

During Steps 7 and 9 t h e  r e c i r c u l a t i n g  pump i s  turned o f f .  

I n  Step 12 the re  i s  aga in  a two minute t i m e  de lay  following 

completion of Step 12. 

The photograph a t  t h e  s t a r t  of Step 13 has  been el iminated.  

With t h e s e  changes, a t o t a l  of 10 photographs a r e  taken during t h e  

course of any one c e l l  test. 

3.5 T e s t  Records 

A r e a l  t i m e  c h a r t  record of an automated test  of t h e  z inc  tes t  e l ec t rode  

i s  shown i n  F igure  3.6. The f i v e  channels of da t a  recorded a s  ind ica ted  on 
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t h e  c h a r t  a re :  

(1) 

(2) C e l l  voltage.  

(3) C e l l  d ischarge cur ren t .  

Zinc t o  Zinc re ference  po ten t i a l .  

( 4 )  Ambient temperature. 

(5) Current drawn from the  28 v o l t  supply. 

Between t h e  second and t h i r d  channels, a marker pen i s  used t o  i n d i c a t e  when 

a photograph i s  taken, and t h e  numbers assoc ia ted  wi th  these  marks a r e  t h e  

photograph numbers f o r  t h i s  test series. Four of t h e  photographs taken during 

t h i s  tes t  a r e  shown i n  Figures  3.7 and 3.8. 

The f i r s t  f i g u r e  conta ins  photograph numbers two and four  of t h e  tes t  

sequence. The f i r s t  of  these  was taken a t  the  s t a r t  of the  test before  t h e  

e e l 1  was charged, while  t he  second was taken a t  t h e  end of t h e  charge cycle .  

I n  these  photos, t h e  l i g h t  a reas  a r e  an i n d i c a t i o n  of gas loading 

between e l ec t rode  and cellophane, o r  a l t e r n a t i v e l y ,  they may be due t o  re- 

f l e c t e d  l i g h t  from m e t a l l i c  z inc p a r t i c l e s  on t h e  e l ec t rode  su r face  o r  some 

combination of t he  two e f f e c t s .  The l a t t e r  seems t o  bes t  f i t  t h e  photographic 

observations.  For example i n  F igure  3.7, two photographs (#2 and 84 of the  

test sequence) show t h e  z inc  e l ec t rode  a t  t he  s ta r t  of test  before  charging, 

and a t  t h e  end of t he  charge cycle.  

which suggests  a n e g l i g i b l e  gas h i l d  up and probably the  l i g h t  a r eas  present  

a r e  caused by z inc  c r y s t a l s .  

There i s  l i t t l e  change i n  appearance 

I n  Figure 3.8 the  two photographs were taken 

a t  the  end of  t h e  f i rs t  discharge cycle,  and a t  t h e  end of t h e  second d i s -  

charge cycle.  

decrease i n  l i g h t  r e f l e c t i n g  areas ,  which i s  cons i s t en t  with a conversion 

of z inc t o  z inc oxide on discharge,  Reduction of gas loading would not  be 

Comparing the  f irst  of t hese  t o  F igure  3.7 shows a considerable  
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Figure 3. 7. Photographs of Zn Test Electrode 
Upper: Start of Test 
Lower: End of Charge 
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Figure 3. 8. Photographs of Zn Test Electrode 
Upper: End of First Discharge 
Lower: End of Second Discharge 
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expected on discharge.  Those l a r g e r  l i g h t  r e f l e c t i n g  a reas  remaining a r e  

probably gas coverage which i s  r a t h e r  sparse.  This i s  cons i s t en t  with 

the  r e s u l t s  of t h e  second photo of Figure 3.8 which shows t h e s e  r e f l e c t i n g  

a reas  a r e  missing a f t e r  t h e  evacuation and b a c k f i l l  cycles ,  i n d i c a t i n g  

removal of what gas coverage was present .  Intermediate  photographs i n  t h i s  

series showed t h a t  t h e  major i ty  of gas was removed i n  t h e  f i r s t  evacuation- 

b a c k f i l l  cycle ,  while  t he  small  amount of gas remaining, was apparent  du r ing  

the  second evacuation cycle,  but disappeared on backf i l l i ng .  The behavior 

of t he  l i g h t  a reas  i n  t h e  series of photographs i s  f a i r l y  conclusive evidence 

t h a t  they represent  both l i g h t  r e f l e c t e d  from z inc  and t o  some ex ten t  from 

gas bubbles behind t h e  cellophane separa tor .  Also evident,  however, is 

the  f a c t  t h a t  under these  test  condi t ions t h e r e  appeared t o  be l i t t l e  

add i t iona l  gas generat ion during the  charge cycle .  This, p lus  t h e  f a c t  

t h a t  t h e r e  was very  l i t t l e  r e s idua l  discharge capac i ty  (e,g. D2/D1 was of 

the  order  of .03 in s t ead  of g rea t e r  than 1.0 a s  i n  previous bench tests) 

ind ica t e s  t h a t  t he  degree of gas loading of t h e  e l ec t rode  was probably 

i n s u f f i c i e n t  t o  s i g n i f i c a n t l y  a f f e c t  t h e  e l ec t rode  d ischarge  capaci ty .  

A s i m i l a r  test  was run on t h e  s i l v e r  e l ec t rode  wi th  s i m i l a r  r e s u l t s .  

Very l i t t l e  add i t iona l  discharge capac i ty  was found i n  the  second d ischarge  

a f t e r  evacuation and backf i l l i ng .  

perceptable  change i n  t h e  gas cover during t h e  course of t h e  test. 

reason f o r  t h i s  i s  a darkening of the  cellophane separa tor  bel ieved t o  be 

due t o  a r eac t ion  with t h e  s i l v e r  ion  from t h e  e lec t rode .  This darkening 

apparent ly  causes a h ighly  r e f l e c t i v e  coa t ing  on t h e  sepa ra to r  which 

I n  t h i s  ca se  t h e  photographs showed no 

The 

prevents  observat ion of bubble movements behind it. 

taken during the  course of t h i s  tes t  on s i l v e r  i s  shown i n  F igure  3.9. 

A sample photograph 

38 



Figure 3. 9. Photograph of Silver Electrode, Task 2 Experiment 
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3 . 6  Test  Resul t s  

While t h e  t e s t s  conducted t o  da t e  on the  Task 2 equipment have shown 

adequate performance on the  p a r t  of t he  t e s t  c o n t r o l  equipment, i t  has not  been 

poss ib l e  t o  da t e  t o  record t e s t  e l ec t rode  performance as w a s  noted i n  t h e  pre-  

vious bench top  tests which were manually conducted. 

There are a number of poss ib le  explanat ions f o r  t h i s  discrepancy. One 

is  t h a t  the  i n i t i a l  charge of t he  c e l l  w a s  no t  c a r r i e d  out i n  a way which 

would permit adequate gas  coverage of t he  e l ec t rode  surface.  I f  t h i s  were the  

ease, r e s u l t s  similar t o  those obtained on the  z inc  t e s t  e l ec t rode  would be 

expected. Another is  t h a t  d i f f e rences  i n  the cons t ruc t ion  of e l ec t rodes  

inh ib i t ed  gas  blockage e.g.  due t o  c l o s e  contac t  between cellophane and e l ec t rode  

surface.  I n  an e f f o r t  t o  i n v e s t i g a t e  the  former p o s s i b i l i t y  some add i t iona l  

tests have been run where t e s t  parameters were va r i ed  i n  an e f f o r t  t o  emphasize 

gassing and insure  a g r e a t e r  degree of e l ec t rode  coverage. 

In one t e s t  on the  s i l v e r  e lectrode,  the  charge cu r ren t  w a s  reduced from 

the  normal va lue  of 12 mill iamps t o  4 milliamps t o  provide a longer charge 

time and f a c i l i t a t e  a l a r g e r  gas  buildup. A t  t h i s  lower charge ra te  the  

charge time w a s  ve ry  long and the  c e l l  vo l tage  d id  not  rise t o  terminate  

the  charge cycle,; consequently a f t e r  about two hours, the  charge cu r ren t  was  

r a i s e d  t o  terminate  the  charge cycle .  

gas evolu t ion  observed from the  c e l l  e lec t rodes .  A t  t he  f i r s t  evacuation cyc le  

the re  w a s  evidence of a s i g n i f i c a n t  volume of  gas  trapped i n  t h e  c e n t r i f u g a l  

pump.. The e f f e c t  of expansion of  t h i s  gas w a s  t o  d r ive  e l e c t r o l y t e  from the  

c e l l  i n t o  the  vent  t rap .  I n  order  t o  prevent t h i s  i t  w a s  necessary t o  reduce 

the vacuum level t o  25  In. Hg. t o  prevent l i q u i d  carryover.  Under these  

condi t ions,  the  second discharge showed a n e g l i g i b l e  increase  i n  capac i ty  

which is  not  su rp r i s ing  i n  view of the  i n e f f i c i e n c y  of  gas removal a t  t h i s  

During t h i s  per iod the re  w a s  considerable  
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vacuum leve 1 

While this particular test represented an extreme in terms of the amount 

of gas generated, it and other similar tests indicate that the gas-liquid 

separating system built into the cell is probably not efficient enough to 

handle those conditions where adequate gas generation occurs in an electrode. 

While the amount of gas circulating in the system is not objectionable from 

the standpoint of the photography, its accumulation in the pump is. Since 

the centrifugal pump when operating, is a more efficient gas separator then 

the nylon screen section in the cell, over a period of time the pump accumulates 

a gas pocket which cannot be effectively removed during the subsequent 

evaeua t ion c yc 1 e 

The possibility of preventing this by operating the circulating pump 

infrequently has been considered but this does not appear to be a workable 

solution. Without the circulating pump functioning, gas build up very quickly 

oecurs across the face of the test electrode and quickly reduces the charge 

rate to extremely low levels. 

necessary to insure an adequate charge current under gassing conditions. 

The circulation afforded by the pump is 

'Pn the case of the silver electrode a special problem has arisen due to 

the darkening of the cellophane separator even after relatively short 

exposure to electrolyte. 

of photographing gas bubbles behind the separator, since the separator itself 

becomes a very highly reflective surface. 

different separator material for use with the silver test electrode. 

This darkening quickly eliminates the possibility 

This may necessitate finding a 
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3.7 Discussion of T e s t  Resul ts  

I n  view of t h e  s u r p r i s i n g l y  low D2/D1 r a t i o s  obtained during our most 

recent  test  runs a t  high d ischarge  cu r ren t  d e n s i t i e s ,  it may be use fu l  to  

review i n  g r e a t e r  d e t a i l  t he  bas i c  f ea tu res  and consequences of loca l ized  

gas trapping, discussed e a r l i e r ( 2 )  and i l l u s t r a t e d  i n  Figure 3.10, I n  these  

c ross -sec t iona l ,  h ighly  magnified views of var ious hypothe t ica l  test 

e lec t rodes  of t he  type used i n  t h i s  Task 2 program, only the  most s a l i e n t  

f e a t u r e s  a r e  shown, namely the  fablok weave, holding the  membrane speara tor  

aga ins t  t h e  porous test  e lec t rode .  

pene t ra tes  a l l  p a r t s  and the  expanded n icke l  sc reen  which provides t h e  

compressive force .  

Not shown i s  t h e  e l e c t r o l y t e ,  which 

Figure 3.10A i l l u s t r a t e s  the  "ideal" e l ec t rode  with uniform and pe r fec t  

contac t  between t h e  membrane separa tor  and the test electrode.  

gas generated during charge o r  open c i r c u i t  condi t ion  conforms t o  t h e  

poros i ty  of t he  tes t  e lec t rode ,  leaving a l a r g e  number of pathways f o r  t he  

ion ic  discharge cu r ren t  t o  reach a l l  volume elements of the  test electrode.  

The D /D - r a t i o  t o  be expected f o r  such an i d e a l  e l ec t rode  is, of course, 

very small. 

t o  t he  specular  r e f l e c t i o n  of l i g h t ,  f o r  which t h i s  p a r t i c u l a r  c e l l  con- 

f i g u r a t i o n  i s  optimized. 

a t  a l l .  

Any trapped 

2 1  

The small  trapped gas bubbles of Figure 3.7A do not con t r ibu te  

I n  f ac t , t hey  may be very hard t o  see o r  photograph 

I n  Figure 3.10B s m a l l  regions of specular  r e f l e c t i o n  begin t o  appear 

because t h e  trapped gas bubbles a r e  much l a r g e r  now. 

shown between the  membrane sepa ra to r  and t h e  test  e l ec t rode  can be caused, 

f o r  example, by excessive swel l ing  of t h e  membrane. 

The loca l i zed  sepa ra t ion  

Even h e r e  t h e  D2/D1- 
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Figure 3.10. Cross-Sectional View of Various Test Electrodes 
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ratios to be expected are as yet not very large because the blocking action 

of the trapped gas does not extend over regions large compared to the 

thickness of the test electrode. 

Adding to this now, the absence of localized compressive forces on the 

fablok as illustrated in Figure 3.10C, individual trapped gas bubbles may 

extend over regions large compared to the thickness of the test electrode. 

Under these conditions gas passivation becomes very severe, as indicated by 

the large D2/D1-ratios to be expected. 

ceivably occur side by side on the same test electrode. In all probability 

they are applicable also to commercial electrode configurations. 

Conditions A, B, and C can con- 

Our latest test results, giving low D2/D1-yields and little or no 

specular reflection, seem to indicate the prevalence of the "ideal" electrode 

structure (3.10A). Earlier results are clearly more in line with configurations 

3.10B and 3.10C. 

One of the fringe benefits of the present Task 2 study may be the 

development of a new method for the detection and measurement of gas trapping 

in commercial electrode systems. 

conjunction with evacuation steps as described, measured as a function of 

orientation and/or gravity, may yield valuable information on the performance 

of commercial batteries under different operating conditions. 

The determination of D /D -ratios in 2 1  

3 . 8  Discussion of Equipment Revisions 

From the results discussed above it is concluded that some revisions 

must be made either in the test sequence or the test equipment in order to 

provide a workable Task 2 experiment. 

revisions will be necessary to insure a greater degree of gas formation at 

On the one hand it appears that test 
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the  e lec t rode  surface,  and poss ib ly  the  use of g rea t e r  discharge cu r ren t  

d e n s i t i e s  i n  order  t o  accentuate  the  e f f e c t  of t h i s  gas coverage. Such 

chqnges can be made q u i t e  r e a d i l y  with adjustments b u i l t  i n t o  the  test 

equipment. I f  the  use of a longer charge time i s  found t o  be an e f f e c t i v e  

so lu t ion  t o  the  lack of gas coverage i t  should be poss ib le  t o  change the 

three  hour time l i m i t  wi th  minor modif icat ions t o  the  equipment. 

It appears t h a t  the major problem involved i n  using such a modified 

t e s t  program i s  the inadequacy of t he  gas management system. This i s  not so 

much due t o  ine f f i c i ency  of the separa tor  b u i l t  i n t o  t h e  Task 2 cell,  a s  the  

f a c t  t ha t  the Centr i fugal  pump when operat ing is  a very e f f e c t i v e  gas 

separator  i n  i t s e l f .  Unfortunately, gas trapped i n  the pump is  p r a c t i c a l l y  

impossible t o  remove. I ts  expansion during the evacuation cyc le  tends t o  

force  e l e c t r o l y t e  from the  system and t h i s  cannot be to l e ra t ed .  

However, c e r t a i n  changes could be made which may help s i g n i f i c a n t l y .  

One could consider the el iminat ion of the  cen t r i fuga l  pump and subs t i t u t ion  

of some o ther  type of pump e.g. p e r i s t a l t i c  act ion,  which would not show 

the same tendency t o  gas t rap.  However, the  o r i g i n a l  choice of pump type 

was made on the  b a s i s  of c i r c u l a t i o n  needs, weight, and power e f f ic iency .  A 

change t o  a d i f f e r e n t  type of pumping system would probably be made a t  a cos t  

i n  s ize ,  weight, and power consumption. Another p o s s i b i l i t y  would be t o  

change the  Task 2 c e l l  design t o  minimize gas t rapping near the  t e s t  e lectrode.  

With the  present  design, p a r t i c u l a r l y  when operated under 1 g conditions,  

the cone supporting the  a u x i l i a r y  e lec t rode  tends t o  t r a p  out any bubbles 

emanating from the  pump system. 

tend t o  t r a p  bubbles which then grow and eventua l ly  become la rge  enough 

so t h a t  buoyancy e f f e c t s  c a r r y  them upward. 

Eddies formed about the  e l e c t r o l y t e  j e t  

Eventually they deposi t  on the 
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t e s t  e l ec t rode  where they are trapped. A redesign of the support  s t r u c t u r e  

f o r  t he  a u x i l i a r y  e lec t rode  may g r e a t l y  reduce t h i s  tendency of bubble 

trapping, and the re fo re  permit the  r e c i r c u l a t i n g  pump t o  be used l e s s  

f requent ly .  Another p o s s i b i l i t y  would be a r ev i s ion  i n  the  t e s t  e lec t rode  

f a b r i c a t i o n  procedure t o  a l low more space f o r  gas d i s t r i b u t i o n  behind the  

separa tor .  The f a c t  t h a t  some of the  e l ec t rode  photographs show z inc  

p a r t i c l e s  i nd ica t e s  ve ry  c lose  spacing and probably high contac t  pressure  

between the  cellophane separa tor  and electrode,  which may be i n h i b i t i n g  gas 

expansion and d i s t r i b u t i o n .  

A fou r th  p o s s i b i l i t y  which has considerable  appeal, would involve a 

redesign of the  c e l l  housing t o  e l imina te  the nylon screen gas separator ,  

and use ins tead  the  c e n t r i f u g a l  r e c i r c u l a t i n g  pump as a separa tor .  This  

would make use of the  high e f f i c i e n c y  of the  pump as a gas separator ,  which i n  

the  cu r ren t  system i s  a se r ious  detriment. 

c i r c u l a t i n g  pump would probably be reposi t ioned so t h a t  i t  w a s  c l o s e l y  

coupled t o  the  c e l l .  Then any gas evolved i n  the  c e l l  would be quickly 

drawn i n t o  the  pump and trapped. Gas evacuation would then have t o  be 

c a r r i e d  out from the  cen te r  of the  impel ler  housing. This could probably be 

With t h i s  approach, the  r e -  

done wi th  the  pump running. The main requirement i n  making t h i s  type of 

system funct ional ,  would be t o  insure  t h a t  no gas accumulation occurred i n  

the  r e s t  of the  system. Such gas would expand as pressure  w a s  reduced and 

cause problems similar t o  those encountered with the  present  arrangement. 

It seems l ike ly ,  however, t h a t  with the  high separa t ion  e f f i c i e n c y  of the  

pump, and by maintaining good c i r c u l a t i o n  through the  c e l l ,  the  residence 

time of any bubbles i n  the  c e l l  could be minimized and a gas buildup avoided. 

This  approach would represent  a s u b s t a n t i a l  change i n  the  design of c e l l  and 
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gas separating system, but very little change would be necessary in the 

control logic for the experiment. 

centrifugal pump would be its insensitivity to gravitational forces. The 

fact that it works effectively under one gravity would indicate that it 

should be even more effective under zero gravity conditions. 

A particular advantage of using the 

However, before such additional development work were undertaken, it would 

seem advisable to run this equipment as it stands and gain more experience on 

the precise conditions necessary to emphasize gas loading effects. 
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4.0 TASK 3 EXPERIMENT DESCRIPTION 

The purpose of Task 3 i s  t o  i n v e s t i g a t e  t h e  degradation of commercial 

cells  under stress. The tests involve an i n i t i a l  capac i ty  and po la r i za t ion  

measurement, a series of f i v e  stress cyc les  and a f i n a l  po la r i za t ion  and 

capac i ty  measurement, C e l l  degradat ion can be assessed by a comparison of 

t he  i n i t i a l  and f i n a l  capac i ty  and po la r i za t ion  measurements. The i n i t i a l  

test condi t ions  a r e  a s  follows: 

Polar iza t ion :  0 t o  15  amp cu r ren t  ramp 

Capacity Discharge: C r a t e ,  5 amps 

Capacity Charge: 

Stress Discharge: 65% DOD ( ra ted  capac i ty)  

Stress Charge: C r a t e ,  5 amps i n i t i a l  

Po la r i za t ion  Discharge: 65% DOD (rated)  

Cj5 r a t e  (average), 2.5 amps i n i t i a l  

Provis ions a r e  made f o r  s equen t i a l ly  t e s t i n g  s i x  c e l l s  with a c a l i b r a t i n g  

sequence between each ce l l  t e s t .  

4.1 C e l l  Act ivat ion and T e s t  Sequence 

The Yardney HR5-DC7A cells were ac t iva t ed  according t o  the  manufacturers 

The c e l l s  were d i r e c t i o n s  and using t h e  Yardney suppl ied KOH e l e c t r o l y t e .  

allowed t o  soak f o r  a minimum of 72 hours before  the  tests were begun. 

The tes t  sequence f o r  each ce l l  i s  the  same and i s  l i s t e d  i n  Table 4-1, 

on t h e  following page. 

4,2 Equipment Descr ipt ion 

The desc r ip t ion  of t h e  Task 3 test equipment has been covered i n  t h e  

Quarter ly  Reports, T e s t  Plan, and I n s t r u c t i o n  Manual and w i l l  no t  be repeated 

here. Only those i t e m s  t h a t  have not been noted before  o r  have been 
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T A B U  4-1 

T e s t  Sequence f o r  Task 3 C e l l s  

1, 
2 ”  

3. 

4 .  
5. 
6. 

7. 

8. 

9. 

10 . 
11 

12  

13. 

14 8 

15 . 
16. 

17 . 
18 . 
19. 

20 

2 1  0 

Stress Discliarge 

Capacity Charge 

Capacity Discharge 

Capacity Charge 

P o l a r i z a t i o n  Discharge 

Po la r i za t ion  

Stress Charge 

S t r e s s  Discharge 

S t r e s s  Charge 

S t r e s s  Discharge 

S t r e s s  Charge 

Stress Discharge 

Stress Charge 

Stress Discharge 

S t r e s s  Charge 

S t r e s s  Discharge 

Capacity Charge 

Po la r i za t ion  Discharge 

Po la r i za t ion  

Capacity Charge 

Capacity Discharge 
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s i g n i f i c a n t l y  changed a r e  covered. 

The cells are mounted on t h e  r e a r  of t h e  Task 3 Control chass i s .  A 

photograph of t he  cel l  arrangement i s  shown i n  Figure 4.1. A thermis tor  is  

at tached t o  each ce l l  beneath a p iece  of adhesive backed foam rubber. 

thermis tor  i s  mounted on t h e  r i g h t  s i d e  of each ce l l  and i s  loca ted  near  t he  

The 

cen te r  of t he  e l ec t rode  s t r u c t u r e .  The adhesive holds  t h e  thermistor  i n  

place and t h e  foam rubber provides a c e r t a i n  amount of thermal in su la t ion .  

The Task 3 Control Chassis contains  not  only t h e  Task 3 c i r c u i t r y  but 

a l s o  the  c i r c u i t s  t o  accommodate severa l  important funct ions.  The Task 3 

Control Chassis conta ins  t h e  r e l ays  t h a t  provide t h e  c a l i b r a t i n g  vol tages ,  

measurand switching and power supply switching. I n  add i t ion  a l l  of t h e  r e l a y  

d r i v e r  c i r c u i t s  a r e  located on t h i s  chass i s  on p r in t ed  c i r c u i t  boards. A 

photograph of t he  chass i s  layout  i s  shown i n  Figure 4.2. 

There a r e  seve ra l  c o n t r o l l a b l e  va r i ab le s  assoc ia ted  with t h e  Task 3 test .  

These va r i ab le s  along with t h e i r  ranges a r e  l i s t e d  below. 

TABLE 4-2 

Cont ro l lab le  Parameter Ranges - Task 3 Experiment 

1. 

2. 

3. 

4 .  

5. 

6. 

7. 

8. 

9. 
10 

11. 

Charge Level Sensor Voltage: 

Discharge Level Sensor Voltages: 

Po la r i za t ion  Level Sensor Voltage: 

C e l l  Reject ion Level Sensor Voltage: 

S t r e s s  Discharge Current: 

Po la r i za t ion  Discharge Current: 

Capacity Discharge Current: 

Po la r i za t ion  Ramp Current: 

Po la r i za t ion  Ramp Rate: 

S t r e s s  Charge: 

Capacity Charge: 

.54 t o  1ov 

.45 t o  2 . 4 ~  

0 t o  1ov 

0 t o  1ov 

0.7 t o  20 amps 

0.7 t o  20 amps 

0.14 t o  10 amps 

O t t o  20 amps 

1 see. t o  20 min./f.s. cu r ren t  

0 t o  10 amps 

0 t o  10 amps 
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4.3 T e s t  Records 

There a r e  four  tes t  records shown i n  the  following f igures .  Figure 4-3 

i s  t h e  r e a l  t i m e  c h a r t  record of c e l l  $115 which was t e s t e d  a t  65% DOD. 

Figure 4-4 i s  the  r e a l  t i m e  record of ce l l  1/20 which was t e s t e d  a t  100% DOD. 

Figure 4-5 i s  the  real t i m e  record of ce l l  #20 which w a s  t e s t e d  f o r  a second 

t i m e  a t  100% DOD, Figure 4-6 i s  p a r t  of t he  playback record of  cell  1/20 

during i t s  second test  a t  100% DOD. 

The channel i d e n t i f i c a t i o n  of t h e  th ree  r e a l  t i m e  records is a s  follows: 

Channel 1 - Charging cur ren t ,  stress charge: 0 (center)  t o  18.5a 
capac i ty  charge: 0 (center)  t o  5.93a 

Channel 2 - C e l l  Voltage, 0 t o  2.5 v o l t s  

Channel 3 - Discharge Current, 0 t o  15 amps 

Channel 4 - C e l l  Temperature, 0 t o  5OoC 

Channel 5 - 28 Volt Power Supply Current, 0 t o  3 amps 

Channel 6 - 2.5 Volt Power Supply Current, 0 t o  7.5 amps 

The channel i d e n t i f i c a t i o n  f o r  Figure 4-6 i s  t h e  same a s  above except 

t h a t  Channels 5 and 6 were not  recorded on t h e  tape  and are the re fo re  

missing from t h e  playback record. 

The magnetic t ape  playback record was made on a Sangamo Electric tape  

recorder. The playback speed w a s  1 7 / 8  inches/second. The da ta  recording 

during Task 3 i s  done i n  a sampled mode so t h a t  14 seconds of da t a  a r e  

recorded every 72 seconds. The tape  is  a t  rest i n  t h e  machine during t h e  

remaining 58 second period. These per iods of r e s t  produce s i g n a l s  on t h e  

t a p e  which appear t o  be no i se  t o  t h e  F.M. e lec t ron ic s  of t he  playbakk 



'w 
fd 
a 
a, 
-P m 
a, 
E 



A 
A 
a, u 

r: 
0 

V 
a, m 

'rl + 

+-a r: 
0 
'V 
a, m 



I 

n 
n O 

s 
0 
0 
4 

c.‘ 
cd 
a 
a, 
c, 
m 
a, 
I3 

a- 
k 
0 
0 
a, 
e; 



n 
n 0 

a 
k 
0 
0 
a, 
ffi 
+-' 
Lo 
a, 
E 

a r= 
8 
a, 
tn 



Q 
0 
Q 
k? 
0 
0 
d 
+ 
cd 
0 
N * 
a, 

cn 
0 
c, rn 
a, 
E 
a 
G 
Gu 

d 
d 

u 

a- 
k 
0 
0 
a, 

- --E 
+ rn 
a, 
E 
0 

$ 
cd 
E 

d 
0 

0 
a, to 
rn 
k 

'd 
c, 

c, 

*rl 

h 



Q 
0 

s 
n 
0 
0 
d 

f, 

cd 
0 
N * 
rl 
cl 
a, 

eH 
0 
f-' m 
a, 

E-l 
a r= 
N 

u 

a- 
k 
0 
0 
a, 
a; 
f, m 
a, 
E 
M 

ii 
rd 
E 

d 
0 

0 
a, rn 
a 
0 
a, rn 

'rl 
Q 

s 

G 
4 
a, 

'rl 5 
k 





recorder,, 

cases,  both p o l a r i t i e s  w i l l  appear on t h e  reproduced test record. The 

reproduced test record cons i s t s ,  therefore ,  of the  da t a  p l o t  superimposed 

on r a t h e r  l a r g e  amplitude no i se  pulses.  

da ta  can s t i l l  be read from t h e  c h a r t  wi th  good accuracy. Figure 4.6 i s  

a worst  case example,, Here the  no i se  i s  exaggerated because of t h e  very  

slow c h a r t  speed employed on playback, and because no i se  pulses  of  both 

p o l a r i t i e s  are present, ,  

l eg ib l e .  

This no i se  can be e i t h e r  p o s i t i v e  o r  nega t ive  and, i n  some 

The no i se  i s  inconvenient, but t h e  

However even here, t h e  recorded da ta  i s  q u i t e  

I f  it were d e s i r a b l e  t o  e l imina te  the  no i se  pulses ,  a c i r c u i t  could 

be devised t h a t  would ga t e  t h e  playback t a p e  recorder  output  t o  e l imina te  

t h e  no i se  excursions. Such a c i r c u i t  could be designed t o  e l imina te  the  

no i se  with l i t t l e  l o s s  i n  d a t a  o r  da t a  accuracy s i n c e  no i se  i s  present  f o r  

only a very s m a l l  po r t ion  of t h e  14 sec. da t a  recording i n t e r v a l .  Another 

means of e l imina t ing  t h e  no i se  i s  t o  opera te  t h e  recorder  continuously. 

This presents  no problem wi th  t h e  Breadboard Model which has an extremely 

l a r g e  tape  capaci ty .  

vers ion  however s i n c e  there ,  t ape  capac i ty  cons idera t ions  a r e  c r u c i a l ,  and 

a sampled da ta  opera t ing  mode i s  e s s e n t i a l .  

This is not a p r a c t i c a l  approach f o r  the  f l i g h t  
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4.4. T e s t  Resul t s  

The r e s u l t s  of t h e  tes ts  a r e  presented below f o r  t h e  c e l l  tests a t  65% 

DOD and t h r e e  tests a t  100% DOD. I n  addi t ion ,  r e s u l t s  are given f o r  supply 

vo l t age  s e n s i t i v i t y  and temperature s e n s i t i v i t y  of  c e r t a i n  c i r c u i t s .  

4.4.1 65% DOD 

A set  of c e l l s  w a s  t e s t e d  wi th  t h e  parameters a s  l i s t e d  i n  Sec t ion  4.0. 

A r e a l  t i m e  c h a r t  record of t h e  t e s t  on one of t hese  ce l l s  was shown i n  

F igure  4-3. The i n i t i a l  c e l l  capac i ty  was 7.96 amp-hrs. and on t h e  i n i t i a l  

po la r i za t ion ,  t h e  c e l l  vo l t age  dropped t o  1.37 v o l t s  when t h e  c u r r e n t  w a s  a 

maximum of 15 amps. Af t e r  f i v e  stress cyc les  of 65% DOD t h e  measured c e l l  

capac i ty  i s  7.81 amp-hrs. and dur ing  t h e  f i n a l  p o l a r i z a t i o n  t h e  vo l t age  

droppedto a low of  1.33 v o l t s .  There was almost no c e l l  degrada t ion  during 

t h i s  t e s t .  The capac i ty  was reduced by about 2% and t h e  vo l t age  during 

p o l a r i z a t i o n  decreased by about 40 mv. 

The c e l l  temperature a s  measured by t h e  thermis tor  increased dur ing  a 

d ischarge  and decreased toward ambient dur ing  a charge. 

pe ra tu re  of 4OoC was reached during t h e  p o l a r i z a t i o n  when t h e  d ischarge  

c u r r e n t  was t h e  h ighes t ,  

The maximum t e m -  

The maximum charge c u r r e n t  during a capac i ty  charge was 2.1 amps and t h e  

average c u r r e n t  w a s  about 1.3 amps. The maximum c u r r e n t  dur ing  a stress 

charge was 5.1 amps and t h e  average c u r r e n t  was about 3.16 amps,, The average 

charge r a t e s  dur ing  t h i s  tes t  were approximately C/4 and C/1.6 f o r . t h e  

capac i ty  and stress charges respec t ive ly .  
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4 .4 .2  100% DOD 

A second set  of c e l l s  w a s  i n s t a l l e d  and t e s t e d  using the  same 

parameters except t h a t  t h e  s t r e s s  and po la r i za t ion  discharges were increased 

t o  100% DOD. A chart of t h i s  da t a  f o r  Cell #20 is shown i n  Figure 4-4. 

The i n i t i a l  c e l l  capac i ty  was 6.68 amp-hrs. and the  c e l l  vo l tage  was 

reduced t o  a minimum of 1 . 3 6  v o l t  during t h e  f i r s t  po la r i za t ion .  

stress cycles  a t  100% DOD t h e  f i n a l  c e l l  capac i ty  w a s  t h e  same as t h e  i n i t i a l  

o r  6.68 amp-hrs. The ce l l  vol tage  during the  f i n a l  po la r i za t ion  w a s  reduced 

Af ter  f i v e  

t o  1 . 3 0  v o l t s .  The c e l l  capac i ty  w a s  no t  not iceably a f f e c t e d  by the  high 

stress rate. 

The c e l l  temperature during discharge rose  t o  a maximum of 43.5OC. A s  

before,  t he  maximum tempera ture  occurred during a po la r i za t ion .  

The maximum curren t  during a capac i ty  charge was 2 . 1  amps and the  average 

cur ren t  w a s  about 1 . 3  amp t o  y i e l d  an average charge rate of C / 4 .  The maximum 

cur ren t  during a s t r e s s  charge was 5 . 4  amps and t h e  average cur ren t  w a s  about 

3,53  amp t o  y i e l d  a charge rate of C / 1 . 4 .  

The same set  of c e l l s  w a s  rerun under the  same condi t ions t o  determine 

i f  add i t iona l  s t r e s s  cycles  would show up s igns  of c e l l  degradation. A cha r t  

of t h i s  da t a  f o r  c e l l  #20 is shown i n  Figure 4 - 5 .  

w a s  measured t o  be 6 .54  amp-hrs. and t h e  c e l l  vo l tage  decreased t o  1.26  

v o l t s  during the  i n i t i a l  po la r i za t ion .  The f i n a l  c e l l  capac i ty  w a s  5.53 

amp-hrs. This i s  a reduct ion i n  c e l l  capac i ty  of some 15.5% during the  

second set of tests. The po la r i za t ion  vo l t age  decreased t o  1.08 v o l t s  at a 

maximum cur ren t  OE 13 .2  amp. In  t h i s  case ,  t he  c e l l  vo l tage  w a s  reduced 

The i n i t i a l  c e l l  capac i ty  

t o  the  low level. cu t  o f f  vo l tage  before  the  cur ren t  ramp was complete which 

r e s u l t s  i n  &he po lz r i za t ion  t e s t  being terminated. 
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Addit ional  ce l l  degradat ion i s  evident when Figures  4-4 and 4-5 a r e  

compared, During t h e  stress discharges i n  Figure 4-4, t he  ce l l  vo l tage  

reached a s t a b l e  va lue  of about 1.45 vo l t s .  During t h e  second set of tests 

(Figure 4-5) t he  ce l l  was being discharged nea r ly  t o  capac i ty  dur ing  the  

stress discharges,  and t h e  capac i ty  decreases wi th  subsequent cyc les  so t h a t  

t h e  ce l l  vol tage  becomes lower and lower, The l a s t  stress discharge i s  

almost t o  the  po in t  of eu t t ing-of f  t he  discharge before  the  nominal t h i r t y  

minute per iod i s  completed. 

This set  of cells  was run f o r  a t h i r d  t i m e  a t  100% DODO C e l l  #20 showed 

an i n i t i a l  capac i ty  of 5.26 amp-hrs. The vol tage  during po la r i za t ion  was 

reduced t o  1.1 v o l t s  with a discharge cur ren t  of 8.7 amps. 

stress cycles ,  the  f i n a l  capac i ty  was 4.84 amp-hrs and i s  a reduct ion of 8% 

during t h i s  tes t ,  The f i n a l  po lar%zat ion  vol tage  was 1.1 v o l t s  a t  a cu r ren t  

of 6,3 amps, 

Af t e r  t he  f i v e  

0 The temperature during t h i s  period reached 45 C on the  case  of c e l l  V20. 

All of t h e  The charge cu r ren t s  were s imi l a r  t o  those of the  preceeding test. 

stress cyc les  during t h i s  test were e s s e n t i a l l y  capac i ty  measurements. That 

is, t h e  ce l l  was completely discharged during each stress cyc les  and t h e  

nominal 30 minute discharge per iod was reduced t o  around 20 t o  25 minutes. 

4.4.3 Supply Voltage S e n s i t i v i t y ,  Tests 

The breadboard c f r c u i t s  were unaffected by 210% v a r i a t i o n s  of t he  28 v o l t  

power supply, 

Task 3 test. The only changes t h a t  were not iced were v a r i a t i o n s  i n  t h e  

charge cu r ren t  and accompanying va r i a t ions  i n  charge t i m e .  With higher  

vo l t age  and higher  cur ren t ,  t h e  charging t i m e  was propor t iona te ly  less and 

with lower vol tage  and cur ren t ,  t he  t i m e  was longer. 

The 2,5 v o l t  power supply vol tage  was var ied  210% during a 

This was a s  expected. 
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4.4.4 C i r c u i t  Performance 

The o v e r a l l  c i r c u i t  performance of Task 3 has been good. 

two component f a i l u r e s  during Task 3 tests. 

fou r th  9301 l-of-10 decoder and t h e  N8162J one-shot mul t iv ib ra to r  t h a t  

provides an  end of tes t  output  pulse.  Any cause f o r  t h e i r  f a i l u r e  was un- 

apparent and the  reason f o r  t h e i r  f a i l u r e  remains unknown. These f a i l u r e s  

occurred toward the  beginning of the  f i n a l  tests and replacements have 

operated seve ra l  weeks wi th  no f a i l u r e .  

There were 

Spec i f i ca l ly ,  t hese  were the  

4 .5  Discussion of T e s t  Resul ts  

It i s  f a i r l y  c l e a r  t h a t  t he  t y p i c a l  Yardney HR5DC7A cells w i l l  not  show 

s i g n i f i c a n t  cel l  degradat ion during a s i n g l e  run of t h i s  tes t  program wi th  

a stress discharge of 65%. I n  f a c t ,  a stress cyc le  with 100% DOD does not  

show s i g n i f i c a n t  degradat ion during t h e  f i r s t  test  sequence. It i s  only 

during the  second tes t  sequence a t  100% DOD t h a t  the  ce l l  begins t o  show 

s igns  of degradat ion but a t  t ha t ,  t h e  ce l l  capac i ty  i s  only reduced from 

about 135% of r a t i n g  t o  100% of r a t ing .  

The p o l a r i z a t i o n  vol tage  i s  s i g n i f i c a n t  from t h e  s tandpoin t  t h a t  t he  

c e l l  a c t u a l l y  po la r i zes  during t h e  second tes t  sequence a t  100% DOD. This 

p o l a r i z a t i o n  takes  p lace  a t  a cu r ren t  of between 10 and 15  amps. During 

the  f i r s t  se t  of tests a t  65% and 100% DOD the  c e l l  vo l tage  was reduced 

during p o l a r i z a t i o n  but  t h e  ce l l  d id  not  a c t u a l l y  po la r i ze ,  

The maximum temperature t h a t  was measured on the  ou t s ide  su r face  of t h e  

0 0 eel1 case  was 43 C and was about 18 C above t h e  ambient tempergture, The 

i n t e r n a l  cel l  temperature was no doubt, somewhat higher  than t h i s  maximum 

but no measurements were made of t h e  i n t e r n a l  temperature. 
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4 , 6  Conclusions and Suggestions f o r  Increased S t r e s s i n g  

The Task 3 cells showed l i t t l e  o r  no degradat ion during a s i n g l e  tes t  

sequence a t  e i t h e r  65% DOD o r  100% DOD. There a r e  two convenient methods 

a v a i l a b l e  t o  increase  the  stress and increase  degradat ion t o  a s i g n i f i c a n t  

leve l .  

stress. The second i s  t o  inc rease  the  stress on the  ce l l  dur ing  a s i n g l e  

test  by increas ing  t h e  depth of discharge and recharge r a t e .  

discharge can e a s i l y  be increased t o  200% i.e. 20 amp/.5 hr.  and the  charge 

r a t e  can be increased t o  a maximum of 10 amps, 

c e l l  w i l l  be f u l l y  discharged during each stress cycle.  

t h a t  discharge r a t e s  t h i s  high would requi re  s c a l e  f a c t o r  changes on the  

recorders  and would r equ i r e  e i t h e r  increased power consumption during charges 

o r  longer stress cyc les  o r  both. The discharge r a t e  could be increased t o  

150% i.e. 15a/.5 h r ,  with no change i n  s c a l e  f ac to r .  

The f i r s t  i s  t o  cyc le  t h e  c e l l s  more than once a t  a nominal l e v e l  of 

The depth of 

I f  t h i s  i s  done, t he  t y p i c a l  

It must be noted 

The Task 3 l og ic  i s  designed s o  t h a t  i t  w i l l  make repeated tests of the  

Task 3 c e l l s  automatical ly .  That is, a f t e r  t h e  s i x t h  ce l l  has been t e s t e d  

t o  completion, t h e  test  w i l l  begin again on ce l l  #lo 

u n t i l  t h e  tests a r e  terminated manually. The t e s t i n g  sequence i s  s l i g h t l y  

d i f f e r e n t  on t h e  second and subsequent automatic tests. 

l e f t  uncharged a t  t h e  end of t h e  f i r s t  t e s t  sequence, therefore ,  t h e  i n i t i a l  

stress discharge w i l l  immediately p o l a r i z e  the  c e l l s  and f irst  capac i ty  

charge w i l l  recharge the  cell,, The e f f e c t  on t h e  cells of t h i s  s l i g h t  

change should be i n s i g n i f i c a n t .  

This loop w i l l  cont inue 

The cells were 

\ 
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5.0 CIRCUIT TEMPERATURE SENSITIVITY 

Several  s e l ec t ed  breadboard c i r c u i t s  were t e s t ed  f o r  temperature 

0 s e n s i t i v i t y  over t h e  temperature range from 10 

were chosen were those  t h a t  were thought t o  have the  l a r g e s t  temperature 

e f f e c t .  

r e l ay  d r i v e r s  and clocks. 

t o  5OoC. The c i r c u i t s  t h a t  

These c i r c u i t s  were t h e  vol tage  l e v e l  sensors ,  discharge c i r c u i t s ,  

5,1 Voltage Level Sensor 

The vol tage  l e v e l  sensor  i s  e s s e n t i a l l y  an extremely high gain ampl i f ie r  

wi th  p o s i t i v e  feedback, The ampl i f i e r  i s  r a t ed  f o r  s a t i s f a c t o r y  opera t ion  

over t he  range from 0 There could be two de t r imenta l  e f f e c t s  of 

temperature on the  l e v e l  sensor  c i r c u i t .  

t r i g g e r  l e v e l  wi th  temperature and t h e  second would be a change i n  t h e  r ise 

t i m e  with temperature, 

should be l i t t l e  temperature e f f e c t  on t h e  t r i gge r ing  l eve l .  

on a t y p i c a l  c i r c u i t  over t he  10 t o  50 range show t h i s  t o  be co r rec t .  

There was no measurable change i n  t h e  vol tage  t r i g g e r i n g  poin t  over t h e  

temperature range, This r ise t i m e  remained f a s t  enough t o  cause no switching 

problems. 

0 t o  70°c. 

The f i r s t  would be a change i n  

I f  t h e  ga in  of t h e  ampl i f i e r  remains high, t h e r e  

Measurements 

0 

5.2 Discharge C i r c u i t s  

The most important discharge c i r c u i t s  from t h e  s tandpoint  of  temperature 

s e n s i t i v i t y  i s  t h e  Task 1 ramp c i r c u i t .  Measurements were made on the  ramp 

r a t e  over t h e  temperature range from 10 t o  50 C. The ramp r a t e  was somewhat 

temperature s e n s i t i v e  .and showed a temperature c o e f f i c i e n t  of .15%/OC f o r  

a 60 ma/min. r a t e  and .32%/OC f o r  a 7 ma/min. rate. 

c o e f f i c i e n t  i s  acceptab le  i n  t h i s  appl ica t ion .  

0 

This temperature 



5.3 Relay Drivers  

Both a normal and a time-delayed r e l a y  d r i v e r  were t e s t e d  f o r  temperature 

s e n s i t i v i t y .  

could be va r i ed  t o  represent  one o r  more r e l ays  i n  p a r a l l e l .  The worst  case  

minimum re l ay  switching vol tage  across  the  load was measured a s  a func t ion  

of input  vo l tage  a t  s eve ra l  temperatures over t h e  range, For a l l  loads and 

temperatures , ,both r e l a y  d r i v e r s  would guarantee a closed r e l ay  a t  t h e  minimum 

"1'' 

i s  shown i n  Figure 5-1. Operation i n  a shaded area  ind ica t e s  f a u l t y  opera t ion ,  

The output  of the  d r i v e r  was connected t o  a dummy load t h a t  

l e v e l  and an open r e l ay  a t  t he  maximum "0" l eve l .  A t y p i c a l  set  of da ta  

5.4 Clocks 

The frequency s t a b i l i t y  of t h e  clock c i r c u i t s  was measured a s  a func t ion  

of temperature. 

temperature range. 

The temperature c o e f f i c i e n t  was about . l % / O C  over the  40' 
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6.0 POWER CONSUMPTION 

The power consumption was ca l cu la t ed  f o r  each t a s k  using t h e  power 

supply cu r ren t  da t a  t h a t  w a s  recorded on Channels 5 and 6 of t h e  c h a r t  

recorder.  Examples a r e  shown i n  Figure 4-3, 4-4, and 4-5. From these  

ca lcu la t ions ,  n ine  watts should be subs t rac ted  t o  ob ta in  the  instrun-ent 

power consumption. The n ine  wa t t s  is t h e  power drawn by the  recorder  

solenoids  and would not  be necessary on a subsequent f l i g h t  version. The 

maximum and average power consumption f i g u r e s  are given i n  Table 6.1 f o r  

a l l  t h r e e  tasks.  

Table 6.1 Power Consumption 

Task 1 Task 2 Task 3 (100% DOD) 

Maximum: 26.8 49.7 49 

Average : 26.8 46.4 39 
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7.0 FLIGHT VERSION CONSIDERATIONS 

The breadboard c i r c u i t r y  was designed t o  make use  of types of  components 

t h a t  would have an exce l l en t  chance of  becoming f l i g h t  qua l i f ied .  

t h e  breadboard was constructed using devices  t h a t  followed t h i s  philosophy. 

For many devices,  such a s  re lays ,  capac i tors ,  r e s i s t o r s ,  and some in t eg ra t ed  

c i r c u i t s  f l i g h t  q u a l i f i e d  vers ions  a r e  ava i l ab le .  

I n  general ,  

E s t i m a t e s  have been made of t h e  weight, s i ze ,  and power consumption t h a t  

might be expected of a f u t u r e  f l i g h t  vers ion.  These a r e  a weight of 60 lbs., 

a s i z e  of 6 f t , )  ana an average consumption of 45 watts.  
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8.0 CONCLUSIONS 

From t h e  experimental  r e s u l t s  obtained t o  d a t e  it i s  poss ib l e  t o  draw 

a number of conclusions concerning t h e  adequacy of t h e  var ious  task experi-  

ments and t h e i r  equipment implementations. These a r e  as follows. 

8.1 Task I Experiment 

The cu r ren t  ramp approach employed here  has proved t o  be a r e a d i l y  

achieveable  and very  reproducible  t es t  method. 

can be d i r e c t l y  co r re l a t ed  with previous r e s u l t s  obtained by JPL a t  one 

gravi ty ,  provided an adequate allowance i s  made f o r  t h e  depth o f  discharge 

achieved i n  t h e  tes t ,  Expectations t h a t  depth of d i scharge  was a s i g n i f i c a n t  

parameter with a primary e f f e c t  on test r e s u l t s  have been borne o u t  i n  t h e  

experimental  r e s u l t s  obtained. This has pointed out  t h e  e s s e n t i a l  need t o  

maintain equivalent  DOD values  i n  tests designed t o  e s t a b l i s h  s e n s i t i v i t y  

t o  o the r  e f f e c t s  such a s  grav i ty .  The method employed i n  Task I to  c o n t r o l  

depth of discharge,  v iz .  by c o n t r o l l i n g  t h e  cu r ren t  ramp r a t e ,  has proved 

t o  be a s imple and e f f e c t i v e  approach t o  so lv ing  t h i s  problem. 

t o  s imula te  0-g on t h e  Task I cells by s u i t a b l y  o r i e n t i n g  the  e l ec t rode  

s o  t h a t  convection e f f e c t s  a r e  minimized provides  a convenient means of 

assess ing  t h e  s ign i f i cance  of g rav i ty  dependent e f f e c t s .  

The r e s u l t s  obtained with i t  

The a b i l i t y  

Addit ional ly ,  i t  provides a Convenient method f o r  prelaunch checkout of t he  

equipment f o r  t h i s  experiment i n  a way which more nea r ly  approximates behavior 

which should occur with 0-g. 

I n  t h e  tests of t h e  Task 1 experiment conducted t o  da te ,  t he  a c t i v a t i o n  

sequence has been found t o  be simple, e f f e c t i v e ,  and t roub le  f r e e ;  and t h e  

vent ing arrangement and vent  t r a p  system appear t o  be \ fu l ly  adequate. The 
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c e l l  design evolved has  proven t o  be adequately l eak  t i g h t  f o r  t h e  appl ica t ion ,  

and permits  changing of t h e  test e l ec t rode  t o  be done eas i ly .  I n  view of t h e  

r e p e a t a b i l i t y  of  t h e  r e s u l t s  obtained t o  da te ,  i t  appears t h a t  a sample s i z e  

of s ix  should be f u l l y  adequate i n  t h i s  type of test. 

I n  general ,  w e  be l i eve  t h a t  t h e  Task 1 test  as implemented could be 

r e a d i l y  c a r r i e d  out  i n  a f l i g h t  experiment, and therefore ,  should serve a s  a 

sound bas i s  f o r  t h e  des ign  of equipment f o r  f l i g h t  use. 

8.2 Task 2 Experiment 

Before t h e  Task 2 experiment can be conducted a t  0-g condi t ions i t  i s  q u i t e  

evident  t h a t  f u r t h e r  development of t h e  experimental  approach and i t s  implemen- 

t a t i o n  w i l l  be necessary.  

I n  p a r t i c u l a r ,  t h e  gas management system as soc ia t ed  with t h e  s p e c i a l  cells 

of Task 2 has proven t o  be marginal a t  bes t ,  and under condi t ions where gassing 

i n  the  c e l l s  i s  emphasized, t he  gas sepa ra t ion  sometimes f a i l s  completely, The 

primary problem he re  apperars  t o  be the  high e f f i c i e n c y  of t he  c e n t r i f u g a l  

pump a s  a gas separa tor .  This tends t o  t r a p  gas i n  a p a r t  of t h e  systemwhere 

i t  can not  be t o l e r a t e d  during subsequent evacuation cycles .  

Another problem i s  t h e  discrepancy between the  surp lus  discharge capac i ty  

values  measured i n  tests c a r r i e d  ou t  according t o  t h e  procedure descr ibed i n  

t h e  T e s t  Plan,  and those  found i n  p r i o r  bench top tests. This raiSes quest ions 

concerning t h e  optimum value  of c e r t a i n  parameters which are  con t ro l l ed  i n  

t h e  tes t  sequence and e l ec t rode  s t r u c t u r e  imperfections.  

To c l a r i f y  these  quest ions i t  w i l l  be necessary t o  do considerably more 

t e s t i n g  of  t h e  Task 2 test sequence us ing  var ious  va lues  of test parameters such 

a s  i n i t i a l  charge cu r ren t  and discharge cu r ren t  dens i ty ,  while  c o n t r o l l i n g  t h e  
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degree of imperfect ion of t h e  tes t  e l ec t rode  assembly. 

more c l o s e l y  def ined values  of those parameters s e l ec t ed  t o  enhance t h e  ce l l  

s e n s i t i v i t y  t o  gas loading, and permit a more optimum s e t t i n g  of parameter 

va lues  i n  t h e  automatic ce l l  tests. 

This should r e s u l t  i n  

Resul t s  t o  d a t e  po in t  up t h e  need f o r  c e r t a i n  rev is ions  i n  t h e  Task 2 

c e l l  design t o  reduce the  tendency t o  t r a p  gas i n  f r o n t  of  t he  test  e l ec t rode  

even when t h e  r e c i r c u l a t i n g  system i s  funct ioning normally. This occurs 

p r imar i ly  i n  t h e  inver ted  cone s t r u c t u r e  which supports  t h e  a u x i l i a r y  e l ec t rode  

i n  t h e  cell .  

redesigning i t  t o  e l imina te  gas trapping, and poss ib ly  increas ing  c i r c u l a t i o n  

r a t e .  

Consideration should be given t o  repos i t ion ing  t h i s  support  o r  

Another f a c t o r  which should be considered i n  any cel l  redesign i s  gas 

leakage under vacuum. Emphasis on achieving a design which minimizes sources 

of leakage i s  e s s e n t i a l .  This has been pointed out  by t h e  numerous ins tances  

where s i g n i f i c a n t  leakage has occurred during t h e  t e s t i n g  program. Such 

leakage becomes very apparent during t h e  e l e c t r o l y t e  f i l l i n g  opera t ion  whi le  

t h e  ce l l  i s  maintained under vacuum condi t ions.  I n  many ins tances  i t  has 

been poss ib l e  t o  make temporary r e p a i r s  t o  reduce t h e  leakage t o  t o l e r a b l e  

values,  but t h i s  approach would not  be acceptab le  f o r  a f l i g h t  u n i t .  Also 

t h e  s i t u a t i o n  w i l l  be g r e a t l y  aggravated when ce l l s  are  subjected t o  v i b r a t i o n  

during launch. Thus i t  appears t h a t  a minimization of t he  number of seals 

involved i s  e s s e n t i a l ,  and g r e a t e r  a t t e n t i o n  must be given t o  s e a l s  where 

leads emerge from t h e  cell. 

I n  t h e  case of t h e  s i l v e r  test  e lec t rode ,  d i f f i c u l t i e s  has  been en- 

countered due t o  t h e  Cellophane sepa ra to r  darkening which obscures t h e  view of 
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gas accumulation on the  s i l v e r  e l ec t rode  surface.  This i s  ev ident ly  due t o  

a r eac t ion  between the  s i l v e r  i on  i n  s o l u t i o n  and t h e  Cellophane. 

e l imina te  t h i s  problem an inves t iga t ion  of a l t e r n a t e  sepa ra to r  ma te r i a l s  

should be c a r r i e d  o u t o  

I n  general ,  i t  appears t h a t  f u r t h e r  development and test  refinement i s  

To 

necessary before  a form of t h e  Task 2 experiment w i l l  be ready f o r  f l i g h t  

use  under 0-g condi t ions.  

make t h i s  experiment workable involve t h e  hardware f o r  t h e  gas and e l e c t r o l y t e  

handling systems. 

but  l i t t l e  change. The photographic approach used has proven t o  be s a t i s -  

f ac to ry  except f o r  t he  problem encountered with sepa ra to r  darkening i n  the  

case of t h e  s i l v e r  cell .  

W e  be l ieve  t h a t  most of t h e  changes necessary t o  

The l o g i c  and con t ro l  a s  implemented w i l l  probably requi re  

The measurements of a high cu r ren t  dens i ty  r e s idua l  discharge capac i ty  

of commercial e l ec t rode  systems o r  b a t t e r i e s  a s  a func t ion  of trapped gas 

removal by evacuation may tu rn  out  t o  be a convenient t o o l  f o r  determining 

the  degree of gas t rapping  i n  such systems, The v e r i f i c a t i o n  of such 

c o r r e l a t i o n s  i s  recommended, 

8,3 Task 3 C e l l s  

The Task 3 experiment a s  implemented fu  f i l l s  a1  t h e  requirements set 

f o r t h  i n  t h e  T e s t  Plan. I n  many respects, i t  goes beyond the  requirements 

ind ica ted  because i t  became apparent a s  test da t a  accumulated t h a t  v e r s a t i l i t y  

would be use fu l  i n  e s t ab l i sh ing  a test program which gave a reasonable degree 

of degradat ion f o r  t h i s  type of ba t te ry .  Whereas t h e  T e s t  Plan s t i p u l a t e s  a 

maximum depth of  discharge of 75%, t h e  equipment i s  capable  of providing a 

100% depth of  discharge i n  a 30 minute t i m e  i n t e r v a l ,  proven by t h e  con- 
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s i d e r a b l e  t e s t i n g  done a t  t h i s  leve l .  

It appears t h a t  t h e  main problem i n  conducting t h e  Task 3 experiment 

i s  t o  e s t a b l i s h  a test regime which gives  an adequate amount of degradation. 

Whereas, o r i g i n a l l y ,  advice from t h e  b a t t e r y  manufacturer and o t h e r  exper t  

opinion ind ica ted  t h a t  65% depth of discharge would be more than adequate 

t o  cause degradation, t h i s  has not  been found t o  be t h e  case. 

amount of capac i ty  l o s s  has been measured even when t h e  cells a r e  discharged 

t o  100% depth of discharge i n  30 minutes. 

a f t e r  t h e  second Task 3 test  sequence show low degradation. Thus, i t  appears 

t h a t  more than 5 s t r e s s  cycles  w i l l  be necessary, and probably these  w i l l  

have t o  be conducted t o  a g r e a t e r  depth of discharge to  show up a s i g n i f i c a n t  

l o s s  i n  b a t t e r y  capaci ty .  

A neg l ig ib l e  

I n  most cases,  such cells even 

There i s  no reason why more extended tests of t h e  Task 3 type cannot 

be conducted wi th  t h e  equipment a s  i t  s tands.  Provis ion has been included 

so  t h a t  t h e  Task 3 test  recycles  once t h e  tes t  of t h e  6 th  ce l l  has been 

completed. 

s t r e s s  cyc les  required t o  cause degradation with var ious stress l eve l s  

appl ied.  More information from such tests would appear t o  be e s s e n t i a l  i n  

order  t o  provide a more s p e c i f i c  test  sequence f o r  t h e  Task 3 experiments, 

Once such a tes t  sequence i s  def ined themcessary  modif icat ions could be 

incorporated t o  adapt t h e  system t o  t h a t  type of test. 

l i m i t a t i o n  i n  longer test  sequences w i l l  be add i t iona l  capac i ty  required of the  

tape  recorder  i n  the  systemc 

This w i l l  permit accumulation of information on the  number of 

Probably the  main 

I n  i t s  present  form t h e  Task 3 experiment implementation provides a 

convenient way of acqui r ing  experimental da ta  on s i l v e r  z inc commercial cells 
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over  a l imi ted  range of s i zes .  It provides the  bas ic  design philosphy which 

could be followed wi th  minimum change i n  adapt ing t h i s  experiment f o r  use  i n  

space. 

of t he  others .  

operat ion has been cons i s t en t  and r e l i a b l e .  

Of t he  th ree  tasks ,  i t  has been t e s t ed  more extens ive ly  than any 

There has been a min imum of problems during such tests and 

8.4 General 

The s o l i d  s t a t e  l o g i c  and con t ro l  system f o r  a l l  t h ree  experiments 

has been proven as a r e l i a b l e  and t roub le  f r e e  method of car ry ing  out  t h i s  

type of test ,  It provides a system which i s  i n s e n s i t i v e  t o  expected 

v a r i a t i o n s  i n  supply vol tage  and ambient temperature, and maintains power 

consumption wi th in  the  l i m i t s  set  i n  t h e  i n i t i a l  con t r ac t  de f in i t i on .  

Tested most ex tens ive ly  i n  the  Task 3 experiments, opera t ion  has been 

q u i t e  r e l i a b l e  during 750 hours opera t ing  t i m e  t o  date.  The very few com- 

ponent f a i l u r e s  noted would probably o r d i n a r i l y  be el iminated had any 

component burn-in cyc le  been followed. 

Because of t he  length of  t i m e  involved i n  car ry ing  out  t he  Task 3 

experiment i t  was necessary t o  u t i l i z e  a recording method wi th  high tape  

e f f i c i e n t l y .  

e f f e c t i v e  and r e l i a b l e .  

has proved t o  be a convenient and simple way of reducing the  data .  

The sampled method employed i n  t h e  equipment has proven t o  be 

Playback a t  f a s t  t ape  speeds of  such sampled records 

Power measurements made throughout a l l  of t he  t h r e e  experiments have 

shown t h a t  less than 50 watts t o t a l  average power i s  required t o  c a r r y  ou t  

t h e  test  series. 

I n  general  it appears t h a t  t h e  breadboard model represents  a r e a l i s t i c  

approach t o  car ry ing  out  t h i s  type of experiment and p a r t i c u l a r l y  i n  t h e  case  
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of  Task 1 and 3 experiments. 

preapre these  experiments f o r  ope ra t ion  under 0-g condi t ions ,  

of  Task 2, t h e  c o n t r o l  l og ic  has been proven t o  f u l f i l l  t he  requirements set 

f o r t h  i n  t h e  Test Plan. 

e l ec t rode  imperfect ions i n  t h e  Task 2 experiment w i l l  n e c e s s i t a t e  f u r t h e r  

development . 

A minimum of change should be necessary t o  

I n  t h e  case 

However, problems wi th  gas management and con t ro l l ed  

I f  f l i g h t  schedules do not  permit such add i t iona l  development, it may 

be  advisable  t o  inc lude  only t h e  Task 1 and Task 3 experiments i n  t h e  f i r s t  

f l i g h t  tests. Then r e s u l t s  from these  f i r s t  tests could be fac tored  i n t o  

any dec i s ion  on what should be done i n  the  Task 2 a r e a e  For example, i f  i t  

could be e s t ab l i shed  t h a t  0-gravi ty  had no s i g n i f i c a n t  e f f e c t  on t h e  capac i ty  

of commercial cells, t he  necess i ty  of car ry ing  out  t h e  Task 2 experiment 

would be avoided. On t h e  o t h e r  hand, i f  s i g n i f i c a n t  loss i n  capac i ty  of 

commercial cel ls  were found i n  t h e  0-g experiment, then  t h e  Task 2 experiment 

probably would be of cons iderable  value, and perhaps one might wish t o  expand 

i t  t o  s tudy i n  more d e t a i l  t h e  o the r  effects which could con t r ibu te  t o  l o s s  

of capac i ty  under 0-g condi t ions.  

78 



9.0 NEW TECHNOLOGY 

There a r e  no "New Technology" i t e m s  r e p o r t a b l e  from t h i s  Research and 

Development e f f o r t .  
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